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FOREWORD 

The Reactor Development P rog ram Progress Report, issued 
monthly, is intended to be a means of reporting those i tems 
of significant technical p rogress which have occurred inboth 
the specific reactor projects and the general engineering r e 
search and development p rograms . The report is organized 
in accordance with budget activities in a way which, it is 
hoped, gives the c leares t , most logical overall view of prog
r e s s . Since the intent is to repor t only i tems of significant 
p r o g r e s s , not all activities are reported each month. In 
order to issue this repor t as soon as possible after the end 
of the month editorial work must necessar i ly be limited. 
Also, since this is an informal progress report , the resul ts 
and data presented should be understood to be prel iminary 
and subject to change unless otherwise stated. 

The issuance of these reports is not intended to constitute 
publication in any sense of the word. Final resul ts either 
will be submitted for publication in regular professional 
journals or will be published in the fornn. of ANL topical 
r epor t s . 

The last six reports issued 
in this se r ies a re : 

June 1969 ANL-7581 

July 1969 ANL-7595 

August 1969 ANL-7606 

September 1969 ANL-7618 

October 1969 ANL-7632 

November 1969 ANL-7640 



REACTOR DEVELOPMENT PROGRAM 

Highlights of Project Activities for December 1969 

EBR-II 

Operation of the reactor at 50 MWt, was resumed in mid-December . 
The reactor had been shut down since October 16 for scheduled maintenance, 
for installation of the instrunaented subassembly, and for reactor modifi
cations. The fueled Test-2 Instrumented Subassembly is in the reactor and 
is operating satisfactorily. Between startup and December 20 the reactor 
was operated for 170 MWd, bringing its cumulative operational total to 
30,210 MWd. 

The maximum allowable burnup limit of low-swelling (high-silicon) 
EBR-II driver fuel was increased from 1.5 to 1.8 at. %. Ear l ier in 1969 the 
limit had been increased from 1.2 to 1.5 at. %. 

The air cell of the Fuel Cycle Facility was closed up and returned 
to normal operation on December 9- All work in the cell, including direct 
cleanup, was completed in 30 working days. 

ZPR-3 

The ser ies of characterizing experiments in the uranium-reflected 
Assembly 58 has been completed, and the reflector has been changed to lead 
for Assembly 59. The core radius was simultaneously reduced to 23.83 cm, 
and the cr i t ical loading was reduced to 76 kg fissile plutonium. 

Reactivity effects due to the decay of Pu-241 in Assemblies 51 and 
5 6 B have been studied and accounted for; however, since these effects can
not always be isolated from concurrent temperature effects, it is believed 
that reference cores should be repeated periodically when experiments are 
made over an extended period of time. 

ZPR-6 

Experimental work with Assembly 6A continues. Proton-recoi l 
determination of neutron spectra at core center with and without sodium in 
the central region has been completed. Doppler-effect measurements of 
natural UO2 in the central , sodium-free region have been made, and several 
types of reaction rate studies carr ied out at various locations in the core. 

ZPR-9 

Approval to operate ZPR-6 and -9 with plutonium-fueled cores has 
been received, and for the first time plutoniunn in amounts greater than 



1 kg was loaded into ZPR-9 on December 11, 1969. The core (Assembly 26) 
had been preloaded with FTR-3 core mater ia ls to the extent possible, and 
the first plutonium fuel cans were loaded into ten dual-purpose control-rod 
drawers . The approach to cri t ical is continuing with the core now loaded to 
more than 30% of the estimated cr i t ical mass . 

ZPPR 

Radial variations in reaction rates of B-10 capture, U-238 fission, 
and Pu-239 fission were measured at three axial elevations in the 
Z P P R / F T R - 2 assembly in its shield configuration and the data compared 
with computations using neutron fluxes obtained from a DIFF2D solution. 
Central fission ratios were made comparing the fission cross sections of 
six uranium and plutonium isotopes to that of U-235. With the Z P P R / F T R - 2 
program completed the facility is now being readied for the first demon
stration reactor benchmark experiment. 
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I. LIQUID M E T A L FAST B R E E D E R R E A C T O R S - - C I V I L I A N 

A. P h y s i c s D e v e l o p m e n t - - L M F B R 

1. T h e o r e t i c a l R e a c t o r P h y s i c s 

a. G e n e r a l R e a c t o r P h y s i c s 

(i) R e a c t o r D y n a m i c s (D. A. Mene ley) 

L a s t R e p o r t e d : A N L - 7 6 3 2 , pp. 1-2 (Oct 1969). 

(a) Q X l - - G r o u p - s t r u c t u r e S tud ie s . The e x a m p l e of coo lan t 
voiding ( see ANL-7632) p r o v i d e s a conven ien t b a s i s for i l l u s t r a t i n g s o m e of 
the effects of g roup s t r u c t u r e on c a l c u l a t e d t r a n s i e n t b e h a v i o r , b e c a u s e bo th 
the voiding that i n i t i a t e s the t r a n s i e n t and the Dopp le r feedback a r e v e r y 
s e n s i t i v e to the s p e c t r u m . As an i l l u s t r a t i o n of the effects of v a r i o u s 
c o U a p s e d - g r o u p s t r u c t u r e s on c a l c u l a t e d p a r a m e t e r s , four d i f fe ren t n i n e -
g roup s e t s have been p r e p a r e d f r o m the 2 6 - g r o u p m i c r o s c o p i c c r o s s s e c t i o n 
l i b r a r y which was u s e d to c a l c u l a t e the s o d i u m - v o i d i n g c a s e in A N L - 7 6 3 2 . 
One s i x - g r o u p se t was a l s o p r e p a r e d for c o m p a r i s o n . The g r o u p b o u n d a r i e s 
of four of the five c o l l a p s e d s e t s a r e shown in F i g . I .A.I r e l a t i v e to the 
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Library and of Four Collapsed Sets Prepared from It 



2 6 - g r o u p s t r u c t u r e . (Exac t e n e r g i e s a t t h e s e b o u n d a r i e s m a y be ob ta ined 
by r e f e r e n c e to the equa l h a l f - l e t h a r g y width of the 2 6 - g r o u p se t , wi th z e r o 
l e t h a r g y a t 10 MeV.) A v a r i a n t of Set 9C, l abe l l ed 9D w a s p r o d u c e d by 
mov ing the b o u n d a r y b e t w e e n g r o u p 1 and g roup 2 of 9C down one-ha l f 
l e t h a r g y uni t . 

The s ing le flux s p e c t r u m which w a s u s e d to c o l l a p s e 
the m i c r o s c o p i c c r o s s s e c t i o n s w a s the c e n t e r l i n e s p e c t r u m f r o m the i n i t i a l 
s t e a d y s t a t e in the 2 6 - g r o u p p r o b l e m . S t a n d a r d l i n e a r flux we igh t i ng w a s 
u s e d for a l l c r o s s s e c t i o n s wi th the e x c e p t i o n of the t r a n s p o r t c r o s s s e c t i o n . * 
The m i c r o s c o p i c c o U a p s e d - g r o u p v a l u e s in t h i s c a s e w e r e o b t a i n e d by m e a n s 
of T r a v e l l i ' s E q . 42.+ T h i s p r e s c r i p t i o n r e q u i r e s a s e t of m a c r o s c o p i c 
t r a n s p o r t c r o s s s e c t i o n s ; t h e s e w e r e t a k e n f r o m the c o m p o s i t i o n a t the 
c e n t e r l i n e of t he 2 6 - g r o u p p r o b l e m , as w e r e the f l uxes . 

C o m p l e t e s e t s of c o l l a p s e d m i c r o s c o p i c c r o s s sec t ions 
w e r e p r o d u c e d by th i s p r o c e d u r e ; then the Q X l code w a s r e r u n wi th each of 
the s e t s , u s i n g v i r t u a l l y the s a m e p r o b l e m s p e c i f i c a t i o n s a s in A N L - 7 6 3 2 . 
(The e m i s s i o n s p e c t r u m of d e l a y e d n e u t r o n s w a s a l t e r e d s l igh t ly r e l a t i v e 
to t h a t c a s e . ) S o m e p a r a m e t e r s w h i c h w e r e ob t a ined f r o m the r u n s us ing 
the v a r i o u s c o l l a p s e d - g r o u p s e t s a r e shown in T a b l e I . A . I . The co lumn 
l a b e l s iden t i fy the v a r i o u s s e t s r e l a t i v e to t h e g r o u p s t r u c t u r e s given in 
F i g . I . A . I . (Set 9D i s i d e n t i c a l to 9C wi th the e x c e p t i o n tha t g r o u p 1 inc ludes 
g r o u p s 1-4 of t he r e f e r e n c e s e t and g r o u p 2 i n c l u d e s g r o u p s 5-6.) The 
e f fec t ive d e l a y e d - n e u t r o n f r a c t i o n s , g e n e r a t i o n t i m e s , and r a m p r a t e s a r e 
i n i t i a l v a l u e s a t the beg inn ing of t he e x c u r s i o n . F o r c o m p a r i s o n , at the 
f i r s t p o w e r p e a k in t he r e f e r e n c e c a s e , t he j3-effec t ive i s h i g h e r by 0.5% 
and the g e n e r a t i o n t i m e w a s l o w e r by 2%. T h e s e p a r a m e t e r s exhib i t s i m i l a r 
b e h a v i o r in the o the r c a s e s . The r e l a t i v e m u l t i p l i c a t i o n f a c t o r s (k-effec t ive) 
for the c o l l a p s e d s e t s a g r e e w e l l w i th t h e 2 6 - g r o u p v a l u e s , even though a 
s i n g l e c o l l a p s i n g s p e c t r u m w a s u s e d for a l l r e a c t o r r e g i o n s . The in i t i a l 
c o m p o s i t i o n in t h e s e c a s e s w e r e a d j u s t e d to a c h i e v e c r i t i c a l i t y at the s t a r t 
of the e x c u r s i o n . 

T A B L E I . A . ] . R e s u l t s for Coo lan t -vo id Case with Different Group S t r u c t u r e s 

26 9A 9B 9C 9D 6A 

k -e f fec t ive 1.0000 0.99961 0.99983 0.99949 0.99957 0.99956 

p - e f f ec t i ve (x 10" ' ) 3.291 3.333 3.408 3.399 3.329 3.400 

G e n e r a t i o n t i m e (x 1 0 " ' s e c ) 4 .308 4.274 4 .315 4.249 4.240 4.324 

R a m p r a t e ( $ / s e c ) 41.74 41.50 42.69 49.39 42.14 38.72 

Dopp le r coeff ic ient ( i s o t h e r m a l ) 

-T (dk /dT) (1300-1800°K) 0.00861 0.00811 0.00825 0,00808 0.00808 0.00804 

P o w e r r i s e to f i r s t p e a k * 226 245 257 333 255 232 

T i m e of f i r s t peak (sec) 0.0295 0.0297 0.0290 0.0254 0.0293 0.0317 

^Ra t io of power at f i r s t peak to in i t i a l power . 

*Travelli. A., in Reactor Physics Division Annual Report, July 1, 1967 to June 30, 1968, Paper VI-5. pp. 413-421; 
see especially equations 7, 9, 10, and 11. 



Set 9A, which has several groups concentrated toward 
the higher energy end, predicts the initial ramp rate rather well but under
est imates the Doppler coefficient; the first power peak is overestimated by 
8% at 2 ms later than the reference. Set 9B is quite evenly distributed in 
the original group s t ructure , as is 6A These two sets show little or no 
advantage over 9A (excepting, of course, the economy advantage of 6A). 
Set 9C is par t icular ly poor, even though its group structure is not markedly 
different than that of 9A. The resul ts using 9D il lustrate the main reason 
for this . Set 9C does not have a group boundary near the U-238 fission 
threshold, so does not predict the sodium void worth very well. Set 9D, 
on the other hand, has a group boundary at 1.35 MeV. This gives a better 
prediction of sodium worth and therefore of the power t race . 

The only conclusion of this very limited study, namely, 
that there should be a group boundary at the U-238 fission threshold, has 
been known for many years . F rom the beginning of fast reactor analysis, 
much attention has been given to appropriate procedures for cross-sect ion 
weighting and the selection of group s t ructures . The requirements of a 
"good" group structure for prediction of static reactivity coefficients, such 
as control worth, coolant-void worth, and resonance-absorption changes, 
are identical to the requirements for dynamic analysis. All of the consid
erable experience which has been accumulated in the statics area can be 
applied to dynamics. Simple spatial kinetics calculations such as those 
described above can, however, provide direct indication of the adequacy of 
a given collapse set. Various insertions and feedback functions which are 
expected to be encountered in the actual dynamics studies can be run in 
simplified problems to test a given collapsed set. A group-collapsing rou
tine has been inserted as a subroutine of the QXl code in order to facilitate 
this process . • 

(b) Two-dimensional Kinetics Development. Efforts to 
determine the interfaces between the two-dimensional kinetics module and 
the SASIB system have been completed for heat- transfer calculations. The 
heat- t ransfer routines in SASIB will supply temperatures and mater ia l 
compositions for each heat- transfer node to a mesh overlay system. The 
system allows the heat- transfer and coolant-dynamics routines to use more 
than one channel at the same radial location to represent different refueling 
batches in the same ring of subassemblies. Since mater ia l regions can over
lap or coincide, the mesh overlay system will accumulate mater ia l densities 
in a par t icular neutronics cell, with the final result being a set of mesh-
dependent atom densities and fuel tempera tures . 

The heat- transfer mesh cells tend to be larger than 
the neutronics mesh cells; consequently, there is a set of neutronics cells 
that is completely interior to a heat- t ransfer region. All "interior" cells 
have the same isotope densities, and consequently some computing-speed 
advantage can be gained by designing the interpolation routine to proceed 
over these groups of "interior" cells ra ther than interval by interval . 



In places where the heat- t ransfer regions overlap, 
the mesh overlay system will average the temperatures to obtain a suitable 
average temperature for each neutronics cell. 

When the neutronics module is called by the heat-
transfer routines, the spatial average of the neutron flux will be re turned 
for each energy group for each heat- t ransfer node. In addition, the average 
power, the maximum power, and the minimum power in each heat t ransfer 
node will be returned. 

2. Experimental Reactor Physics 

a. Fast Crit ical Exper iments - -Exper imenta l Support--Ill inois 

(i) Neutron Spectrum Measurements ( E . F . Bennett and 
R. C. Doerner) 

Last Reported: ANL-7595, pp. 12-14 (July 1969). 

(a) Response Functions Associated with Proport ional 
Counter Fields. The observation that only a very slight "bowing" of field 
lines occurs in an ordinary coaxial cylinder proportional counter design 
(see ANL-7595) permits a relat ively direct method of converting the 
observed variation of the axial field at the anode to a distribution in pulse 
amplitude where the initial ionization is of point extension and is uniformly 
distributed. 

By an initial calibration, made with a source of known 
ionization, one can relate gas gain A to voltage V. The location of the peak 
of the calibration distribution is not, in effect, very sensitive to the end-
associated distortion. 

For example, in Fig. I.A.2 is shown a pulse-height 
distribution from ^̂ A betas (of 3-keV energy) in the test counter. The 
location of the peak, in spite of the large stat ist ical broadening and the 
low energy tail (due par t ly to field effects), is not difficult to ascer ta in . 

Gas multiplication occurs only in the immediate vicinity 
of the anode in proport ional counters . If the electric-field variation along 
the anode is known and if a calibration relating gas multiplication to voltage 
is also available, it is an easy mat ter to derive a response function for the 
counter at any par t icular voltage. This is done by replacing the calibration 
voltage with the calculated anode field (a function of axial distance z) nor 
malized such that for large z the function equals V, The resulting expression 
then re la tes gas multiplication to axial distance. 
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PULSE HEIGHT CHANNEL 

Fig. I.A.2. Pulse Amplitude Distribution fot ^7^ g Particles 

The dens i t y of even t s (per c m of anode) wi l l be u n i f o r m 
a c r o s s the whole anode r eg ion w h e r e field bowing is i n s ign i f i can t . In o r d e r 
to d e r i v e an a m p l i t u d e d i s t r i b u t i o n of e v e n t s , one only has to t r a n s f o r m 
f r o m the (cons tan t ) dens i t y p e r uni t anode length to the c o r r e s p o n d i n g d e n s i t y 
p e r uni t m u l t i p l i c a t i o n . The a c t u a l p r e s c r i p t i o n for e x p r e s s i n g A v e r s u s V 
is p la in ly i r r e l e v a n t to the t r a n s f o r m a t i o n f r o m even t s p e r uni t anode l eng th 
to even t s p e r unit a m p l i t u d e . 

The computed a m p l i t u d e d i s t r i b u t i o n s wi l l be vo l t age 
s e n s i t i v e . F i g u r e s I .A.3 and I .A.4 show the c a l c u l a t e d d i s t r i b u t i o n a t 
3050 and at 4500 V us ing the t e s t coun te r d e s c r i b e d in A N L - 7 5 9 5 and i t s 

PULSE HEIGHT RELATIVE TO MAXIMUM 

Fig. I.A.3. Response Distribution at 3050 V 
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calibration. The continuous line is a fifth-order least-square.s polynomial 
fit. The distributions a re .shown only to within 90% of the maximum; pulse 
height. The maximum height is achieved for events in excess of about 
1500 anode radii from the tip, and the distribution increases sharply for 
amplitudes greater than 70% of maximum. As may be seen by comparison 
of the two figures, the response distribution is ra ther sensitive to counter 
voltage. Operating at lower voltages produces a response behavior closer 
to ideal insofar as fewer events are strongly degraded by the field. 

A comparison of predicted response, with that actually 
observed, i.s given in Fig. I.A.2. Two distinct de-excitation modes occur: 
one, involving betas at about 3 keV, is the dominant peak in the figure: 
another mode with energy of about 200 eV also occurs, however, and it is 
this line which causes the sharp increase in the spectrum below channel 20. 
A discriminator blocks all events below about channel 7. Statistical effects 
introduce substantial broadening into the measured resul t . The pulse-height 
distribution, determined using the calculated electr ic field (and the observed 
gain-voltage relationship), was area normalized to the experimental d i s t r i 
bution of Fig. I.A.2 in the region above channel 20. The mean value of 
muliiplication was determined from the calculated distribution (it was 0.87 
of the asymptotic multiplication reached at a large distance from the tip). 
This mean value was set equal to the pulse-height channel corresponding 
to the peak of the observed spectrum and the calculated low energy tail 
(the solid line in Fig. I.A.2) was then drawn. The calculated distribution 
agrees well with the measured resul ts within the limited region between 
contamination from the soft beta decay at low channels and stat is t ical 
broadening effects at high channels. 

b. F F T F Crit ical Assembly Exper iments- -Planning and Evaluation 
(A. Travelli) 

Last Reported: ANL-7640, pp. 18-20 (Nov 1969). 

(i) Calculation of Reactor Rate Trave r ses in Z P P R / F T R - 2 
Shield Configuration. The radial variation of B-10 capture, U-238 fission, 
and Pu-239 fission rates have been computed for axial positions at 7.62, 
35.56, and 55.88 cm fromi the dividing plane. The neutron fluxes used in 
the computations were obtained from a DIFF2D* diffusion solution for 
the Z P P R / F T R - 2 assembly in its shield configuration (loading 120). For 
computational simplicity in r , z -geomet ry the shield sector was extended 
azimuthally irom 80 to 360°. Thus the neutron fluxes were applicable only 
along radii far from the azimuthal boundaries of the shield sector and only 
for the condition of no fuel storage in the shield. The 29-energy-group 
cross-sect ion set 29004 (see P r o g r e s s Report for December 1968, AN.L-7527, 
p. 9) was used, giving kgff = 0.9946. 

roppel, B. J., ANL-73.32 (196T). 



The t r a v e r s e s at 7.62 and 35.56 c m p a s s t h r o u g h the 
dep l e t ed zone , c o r e , r a d i a l r e f l e c t o r , sh ie ld , and 11.06 c m of i r o n which 
s i m u l a t e the heavy c l a m p that holds the m a t r i x tubes in p o s i t i o n . The 
c o r e - a x i a l r e f l e c t o r i n t e r f a c e is at 45.811 c m , and the a x i a l r e f l e c t o r 
ends a t 76.302 c m . T h u s , the t r a v e r s e at 55.88 c m p a s s e s t h r o u g h the 
a x i a l r e f l e c t o r for r a d i i s m a l l e r than the c o r e r a d i u s , then t h r o u g h the 
r a d i a l r e f l e c t o r , sh ie ld , and i r o n c l a m p . 

Two r e a c t i o n - r a t e c u r v e s w e r e compu ted for e a c h t r a v e r s e 
at 7.62 and 35.56 c m . The ca l cu l a t i on of the f i r s t r e a c t i o n r a t e u s e d the 
2 9 - g r o u p c r o s s s e c t i o n s obta ined f r o m a 2 1 0 0 - g r o u p fundamen ta l m o d e 
MC * flux a v e r a g i n g for the c o r e c o m p o s i t i o n at c r i t i c a l i t y . Ca lcu la t ion 
of the s econd r e a c t i o n - r a t e t r a v e r s e u s e d the 2 9 - g r o u p c r o s s s e c t i o n s 
ob ta ined f r o m a 2 1 0 0 - g r o u p fundamen ta l mode MC^ flux a v e r a g i n g for t he 
r a d i a l r e f l e c t o r c o m p o s i t i o n wi th z e r o buckl ing . The flux w a s n o r m a l i z e d 
so tha t the B-10 c a p t u r e and U-238 f i s s ion r a t e s for the f i r s t c a l c u l a t i o n and 
the P u - 2 3 9 f i s s ion r a t e for the s econd ca l cu l a t i on w e r e un i ty a t z e r o r a d i u s . 

Two r e a c t i o n - r a t e c u r v e s w e r e a l s o compu ted for e a c h 
t r a v e r s e at 55.88 c m . The ca l cu la t ion of the f i r s t r e a c t i o n r a t e u s e d c r o s s 
s e c t i o n s a v e r a g e d for the a x i a l r e f l e c t o r c o m p o s i t i o n wi th z e r o buck l ing 
r a t h e r than for c o r e c o m p o s i t i o n . The flux n o r m a l i z a t i o n was aga in c h o s e n 
to obta in a r e a c t i o n r a t e of uni ty at z e r o r a d i u s for the f i r s t c a l c u l a t i o n . 
The c a l c u l a t i o n of the second r e a c t i o n - r a t e t r a v e r s e u s e d c r o s s s e c t i o n s 
a v e r a g e d for t he c o r e c o m p o s i t i o n . The s a m e flux, wi th the s a m e n o r m a l 
i za t i on , w a s u s e d as in the ca l cu l a t i on of the f i r s t r e a c t i o n r a t e t r a v e r s e . 

The computed r e a c t i o n r a t e s a r e c o m p a r e d in F i g s . I .A.5 , 
I A 6, and I .A.7 wi th the e x p e r i m e n t a l va lues r e p o r t e d in Sec t . I .A.4.d , The 
e x p e r i m e n t a l da ta for no fuel s t o r e d in the sh ie ld a r e i n d i c a t e d by c r o s s e s , 
r e a c t i o n r a t e s ob ta ined by c o r e s p e c t r u m a v e r a g i n g a r e i nd i ca t ed by dot ted 
c u r v e s l abe l ed " 1 , " r e a c t i o n r a t e s obta ined by r a d i a l r e f l e c t o r s p e c t r u m 
a v e r a g i n g a r e i nd i ca t ed by dot ted c u r v e s l abe led " 2 , " and r e a c t i o n r a t e s 
ob ta ined by a x i a l r e f l e c t o r s p e c t r u m a v e r a g i n g a r e i n d i c a t e d by do t ted 
c u r v e s l abe led " 3 . " Thus , t ype -1 c u r v e s a r e val id c lo se to the c o r e c e n t e r , 
and t y p e - 2 o r -3 c u r v e s a r e val id we l l i n s ide the r a d i a l or ax ia l r e f l e c t o r s 
r e s p e c t i v e l y . 

The c a l c u l a t e d B-10 c a p t u r e r e a c t i o n r a t e , shown m 
F i g . I.A. 5, i s not s t r o n g l y dependen t on the a v e r a g i n g of c r o s s s e c t i o n s . In 
the r a d i a l r e f l e c t o r the c a l c u l a t e d c a p t u r e is too l a r g e by about 20% for the 
t r a v e r s e s at 7.62 and 35.56 c m . The c a l c u l a t e d B-10 c a p t u r e r a t e a long a 
r a d i a l t r a v e r s e n e a r the dividing p lane in Z P R - 3 A s s e m b l y 56B was found 
by S4 t r a n s p o r t t h e o r y to be about 12% h ighe r than the m e a s u r e d va lue in 
the r a d i a l r e f l e c t o r ( see P r o g r e s s R e p o r t for Augus t 1969, A N L - 7 6 0 6 
p. 16, F i g I .B . 7). In the c a s e of A s s e m b l y 56B the b o u n d a r y of the p r o b l e m 
was at the o u t e r edge of the r e f l e c t o r r a t h e r than at the o u t e r edge of t he 
m a t r i x tube c l a m p . 

•Toppel, B. J., et al., ANL-7318 (1967). 
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The c a l c u l a t e d U-238 f i s s i on r e a c t i o n r a t e a l s o does not 
depend s t r o n g l y on the c r o s s - s e c t i o n a v e r a g i n g . The m e a s u r e d f i s s i on 
r e a c t i o n r a t e , shown in F i g . I .A.6 , exh ib i t s l o c a l d e p r e s s i o n s a s s o c i a t e d 
with the t w o - d r a w e r ce l l . 

The c a l c u l a t e d P u - 2 3 9 f i s s ion r e a c t i o n r a t e ( see F i g . I .A.7) 
does depend s t r o n g l y on the a v e r a g i n g of the c r o s s sec t ions in the s p e c t r u m 
of the r a d i a l r e f l e c t o r . The c a l c u l a t e d r a t e us ing r e f l e c t o r - a v e r a g e d c r o s s 



s e c t i o n s is h i g h e r than the m e a s u r e d one by about 8% in the r a d i a l r e f l e c t o r 
for the 7 .62- and 35. 5 6 - c m t r a v e r s e s . Th i s c o m p a r e s to a va lue of about 
6% for A s s e m b l y 56B, m e n t i o n e d p r e v i o u s l y . 

Note tha t the P u - 2 3 9 f i s s ion r e a c t i o n - r a t e c u r v e in the 
5 5 . 8 8 - c m t r a v e r s e ( type 3, a x i a l r e f l e c t o r a v e r a g e d ) which i s n o r m a l i z e d 
to un i ty a t z e r o r a d i u s , has a shape qui te s i m i l a r to but a magn i tude q u i t e 
d i f fe ren t f r o m the t y p e - 1 c u r v e ( c o r e a v e r a g e d ) . The d i f f e r ence be tween 
type 2 and 3 for any t r a v e r s e is n e g l i g i b l e . 

The fliixes f r o m the D I F F 2 D so lu t ion w e r e a l s o u s e d to 
c a l c u l a t e e a c h of the t h r e e r e a c t i o n r a t e s at z e r o r a d i u s and a x i a l d i s t a n c e s 
of 35.56 and 55.88 c m f r o m the dividing p l a c e when the r e a c t i o n r a t e a t an 
a x i a l d i s t a n c e of 7.62 c m was uni ty . T h e s e r a t e s a r e c o m p a r e d wi th m e a s 
u r e d va lue s in T a b l e I .A.2 . 

T A B L E I .A.2 . Re l a t i ve Reac t ion R a t e s a t Z e r o Rad ius 

Axia l P o s i t i 

B -10 c a p t u r e 
U-238 f i s s i on 
P u - 2 3 9 f i s s ion 

on: 7. 

Calc 

1,00 
1.00 
1,00 

62 c m 

M e a s 

1.00 
1.00 
1.00 

35. 

Calc 

0.821 
0.639 
0.767 

56 c m 

M e a s 

0.847 
0.619 
0.808 

55, 

Ca lc 

1.599 
0,221 
1.064 

88 c m 

M e a s 

1,377 
0,216 
1.093 

The sh ie ld ing c a l c u l a t i o n s r e p o r t e d above a r e p r e l i m i n a r y 
and do not t ake in to accoun t s e v e r a l f a c t o r s that migh t affect the r e s u l t s 
c o n s i d e r a b l y . M o r e c o m p l e t e a n a l y s i s of thte sh ie ld ing e x p e r i m e n t s wi l l 
be r e p o r t e d in t he fu tu re . 

3. Z P R - 6 and -9 O p e r a t i o n s and A n a l y s i s 

a. C lean C r i t i c a l E x p e r i m e n t s (W. Y. Kato) 

Not p r e v i o u s l y r e p o r t e d . 

(i) Z P R - 6 A s s e m b l y 6A. Z P R - 6 A s s e m b l y 6A, the r e b u i l t 
v e r s i o n of A s s e m b l y 6, went c r i t i c a l in m i d - N o v e m b e r . Z P R - 6 A s s e m b l y 6, 
the 4 0 0 0 - l i t e r UO2 c o r e , was shut down p r i o r to the c o m p l e t i o n of the 
e x p e r i m e n t a l p r o g r a m so tha t the mod i f i ca t i ons could be m a d e for the 
p l u t o n i u m c o n v e r s i o n . The m a i n d i f f e rence be tween A s s e m b l i e s 6 and 6A 
i s t ha t the c o n c e n t r a t i o n of ^^^U in the r eg ion ou t s ide a r a d i u s of 77 c m in 
A s s e m b l y 6* w a s d i f fe ren t f r o m the c e n t r a l c o m p o s i t i o n . The '^''''U c o n 
c e n t r a t i o n in A s s e m b l y 6A is e s s e n t i a l l y u n i f o r m th roughou t the s y s t e m 

*Karam, R. A., £t£l^., "A 4000-liter UOg Fast Core ZPR-6 Assembly 6," ANL-7410, pp. 75-80 (1969). 
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The mater ia l arrangement in Assembly 6A beyond a radius of 77 cm, how
ever, is different from that in the central region, the difference being that 
l /S-in.- thick '̂̂ U plates were used in the outer region in every other 2- or 
3-in. segments of the unit-cell drawer instead of the l / l 6-in.-thick contin
uous column. 

The cri t ical mass of Assembly 6A, corrected for excess 
reactivity, but not for the difference in mater ia l arrangement in the outer 
region, was 1760 kg of U, 

The central neutron spectrum in Assembly 6A was measured, 
with the proton-recoil method, with the sodium present throughout the core 
and again after the sodium was removed from a 30-cm-radius central region. 
Calculations showed that at the center of this region the neutron spectrum 
above 1 keV was the same as the asymptotic spectrum for the sodium-free 
case. The proton-recoi l method is suitable to measure neutron energies in 
the range between 1 MeV and 1 keV. For measurements such as reaction 
rates and Doppler effect, neutrons below 1 keV play a significant role and 
the minimum-size sodium-free region should be, according to calculations, 
at least 40 cm in radius. The Doppler effect at the center of this region was 
calculated to be 2.5% different from that obtained in a fully voided core. 

The Doppler effect of a natural UO2 sample was measured at 
the center of a 40-cm-radius , sodium-free region. The resul ts are being 
analyzed. 

The full unit-cell reaction rates (and ratios) of ^̂ ^U and ^̂ *U 
were measured at the center of the 40-cm, sodium-free region at the core-
reflector interface of the axial center, and at the radial "sodium-in" and 
"sodium-out" interface about the midplane of the core. The reaction rates 
as a function of depth within the plates were also measured. 

Additionally, axial and radial t r ave r ses of ^̂ U fissions and 
captures and ^̂ Û fissions were made for the purpose of extracting material 
buckling for the sodium-free core. 

The reactivity worth of the sodium in the 40-cm central 
region (319 drawers) was -239.87 Ih or -0.524% Ak/k, 

b. Mockup Experiments ( j , W. Daughtry) 

Last Reported: ANL-7640, pp. 20-21 (Nov 1969). 

(i) Loading and Approach to Critical for the FTR-3 Homogeneous 
Reference Configuration. Upon completion of the FTR-2 experiments with 
ZPPR, the nickel and boron carbide used in those experiments were removed 
from ZPPR and t ransfer red to ZPR-9 for the FTR-3 experiments. The 
critical assembly in which the FTR-3 experiments are to be performed 
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( d e s i g n a t e d Z P R - 9 A s s e m b l y 26) had been p r e l o a d e d to the ex ten t p o s s i b l e 
wi th t he a v a i l a b l e m a t e r i a l s . With the add i t iona l m a t e r i a l s f r o m Z P P R , 
the loading of t he r e f l e c t o r r e g i o n s w a s c o m p l e t e d and the s ix t een p e r i p h 
e r a l c o n t r o l zones w e r e loaded. F i g u r e s I .A.8 and I.A.9 show the e s t i m a t e d 
m a t r i x - l o a d i n g p a t t e r n for th i s a s s e m b l y . D r a w e r loading p a t t e r n s a r e 
shown in F i g s . I .A .9 - I .A . 1 5. Some m i n o r dev ia t ions f r o m the p i e c e - s i z e 
d i s t r i b u t i o n s shown wil l be r e q u i r e d due to i n v e n t o r y l i m i t a t i o n s . 
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For the approach to crit ical two fission chambers were 
installed near the center of the core: one in the stationary half at matr ix 
position S 22-24, and one in the movable half in matrix position M 24-22. 
The axis of the core is at location 23-23. 

In the first fuel-loading step, plutonium fuel cans were 
loaded into the ten dual-purpose (DP) control-rod drawers . The locations 
of the DP rods are : 

Stationary Half Movable Half 

S 16-20 
S 16-26 
S 24-27 
S 30-19 
S 30-26 

M 21-21 
M 21-25 
M 24-19 
M 24-23 
M 24-27 

To provide an adequate shutdown margin, five boron safety 
rods have been installed in each half. The locations of these boron rods 
are the same in both halves of the assembly: 

S / M 19-16 
S / M 19-30 
S / M 27-16 
S / M 27-30 
S / M 30-23 

After the safety and control rods were loaded and checked 
out, the entire inner core zone was loaded \\ith fuel. This amounted to about 
30% of the total calculated cri t ical mass . The approach to cri t ical is con
tinuing with loading steps in the outer core zone and multiplication measu re 
ments after each loading step. 

4. ZPR-3 and ZPPR Operations and Analysis 

a. Support for Routine Operation of the Critical Facil i t ies 
(p. I. Amundson and R. G. Matlock) 

Last Reported: ANL-7632, pp. 11-12 (Oct 1969). 

(i) Pu-241 Decay. The final calculations for the reactivity 
effects due to Pu-241 decay have been performed and compared with data 
from ZPR-3 Assemblies 51 and 56B, and ZPPR Assembly 1. The resul ts 
are i l lustrated in Figs . I.A.16, I.A.17, and I.A.18. The data from Assem
bly 5 6 B appear to be unreasonable; this has been attributed to changes in 
cell air temperature over the life of the assembly. 

file:////ith
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TIME , DAYS 

Fig. I.A.16. Reference-core Reactivity 
Loss, ZPPR Assembly 1 

Fig. I.A.17. Reference-core Reactivity 
Loss, ZPR-3 Assembly 56B 

Fig. I.A.18 
Reference-core Reactivity 
Loss. ZPR-3 Assembly 51 

R e c o r d e d r e a c t o r t e m p e r a t u r e s f o r A s s e m b l y 5 6 B s h o w a n 

8 - 1 0 ° C t e m p e r a t u r e r i s e f r o m t h e i n i t i a l t o t h e f i n a l r e f e r e n c e c o r e . T h i s 

d i f f e r e n c e a p p e a r e d p r i m a r i l y in t h e r e f l e c t o r a n d o u t e r c o r e r e g i o n s . If 

w e c o n s i d e r a t e m p e r a t u r e c o e f f i c i e n t of 1 I h / ° C , a b o u t h a l f t h a t of t h e 

e n t i r e r e a c t o r , t h i s w o u l d a c c o u n t f o r a l l of t h e d i s c r e p a n c y . A l t h o u g h t h i s 

i s n o t a r i g o r o u s c o r r e c t i o n , i t i s s i g n i f i c a n t t h a t a r e a s o n a b l e e s t i m a t e of 

t h e t e m p e r a t u r e e f f e c t c a n c o n c e i v a b l y e l i m i n a t e t h e m a j o r i t y of t h e d e v i 

a t i o n b e t w e e n c a l c u l a t e d a n d m e a s u r e d l o s s e s . 

S i n c e i t i s a p p a r e n t t h a t t h e e f f e c t s of P u - 2 4 1 d e c a y c a n b e 

s e v e r e f o r e x p e r i m e n t s r e q u i r i n g r e f e r e n c e s w i d e l y s p a c e d i n t i m e ( e . g . , 

s o d i u m - v o i d i n g ) , i t i s r e c o m m e n d e d t h a t m e a s u r e m e n t s w i t h r e f e r e n c e c o r e s 

b e r e p e a t e d p e r i o d i c a l l y t h r o u g h o u t t h e l i f e of a n a s s e m b l y i n o r d e r t o p r o 

v i d e e x p e r i m e n t a l c o r r e c t i o n s . D u e t o u n c e r t a i n t i e s i n c r o s s s e c t i o n s f o r 

t h e i s o t o p e s c o n c e r n e d , e x p e r i m e n t a l v a l u e s s h o u l d p r o v e m o r e r e l i a b l e 

t h a n c a l c u l a t e d v a l u e s f o r t h e r a t e of r e a c t i v i t y l o s s . * 

*Matlock, R. G., Kaiser, R. E., and Gasidlo, J. M., Reactivity Effects in Critical Facilities Due to Fissile Isotope 
Decay, Trans. Am. Nucl. Soc. 12(2) (Nov 1969). 
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b. Clean Crit ical Experiments (P. I. Amundson) 

Last Reported: ANL-7640, pp. 21-23 (Nov 1969). 

The short ser ies of experiments with ZPR-3 Assembly 58 has 
been completed and the reflector changed from depleted uranium to lead for 
Assembly 59. A new cri t ical approach was made, and the worths of the 
control and safety rods measured. 

In Assembly 58 the total worth of the autorod (the usual poly
ethylene wedge between l /4 - in . pieces of boral in position 0-22) was deter
mined by inverse kinetics analysis of five complete oscillations to be 
0.00972% or 10.35 Ih. The differential worth of the rod was measured by 
oscillating in and out a steel sample equal to about 10% of the autorod worth, 
and finding the change in rod position corresponding to this sample worth 
as a function of rod position. This change varied from 9.4 to 10.7 length 
units. The results for dp/dx along the length of the rod were fitted to var i 
ous polynomial functions of x, the position. The best fit was a quadratic 
function, although a linear variation fitted almost as well. 

In Assembly 58, radial react ion-rate t raverses were carr ied 
with the Pu-239 and U-238 cylindrical fission chambers with a 1-in.-long 
fissile coating. The measurements were made in a 0.5-in.-dia tube, close 
to the axial core center line. The special core drawers are shown in 
Fig. I.A.19. The results are shown in Table I.A.3. Higher fission rates 
were obtained for the Pu-239 counter in between the drawers , and for the 
U-238 counter at the centers of the drawers . 

e 
Pti METAL 

15" 

TABLE I.A.3. Radial Fission Rate Distribulions from ZPR-3 Assembly 58 

U238 

mTE ALL UNMARKED MATERIAL CARBON 
0-2" SIDE VIEW OF DRAWER 
2-15" TOP VIEW OF DRAWER 

Fig. I.A.19. Core-drawer Loading for 
Radial Traverse in ZPR-3 
Assembly 58 

Position 

P-19 
P-18-iq 
P-18 
P-17-I8 
P-17 
P-16-17 
P-16 
P-15-16 
P-15 
P-14-I5 
P-14 
P-l3-14 
P-13 
P-lZ-13 
P-IZ 
p-n-12 
p - i i 
P-IO 
p-t 
P-8 
P-7 
P-6 

U-238 

Rei CounI 

0.7154 
0,7730 
0.8680 
0.8997 
0.9568 
0.9631 
I.OOO 
0.9615 
0.9672 
0.9037 
0.8695 
0.7879 
0.7187 
0.6059 
0.5049 
0.3380 
0.1852 
0.0628 
0.0231 
0.0093 
0.00351 
0.00131 

Error (%l 

0.6 
0.6 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0,6 
0.8 
1.1 
1.3 
1.5 
1,7 
2.2 
3.6 

PU-Z39 

Rel Count 

0.7553 
0.8385 
0.8979 
0,9584 
0.9710 
1.0147 
1.000 
1.0149 
0.9708 
0.9588 
0.8961 
0.8484 
0.7549 
0.6780 
0.5640 
0.4463 
0,3238 
0.1726 
0.0939 
0.0516 
0.0267 
0.0129 

Error 1*1 

0,6 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.8 
1.1 
\.2 
1.1 
1,5 
1.5 

Horizontal matrix pitct) is 2.1833 in.: core center is P-16. 

Radial reactivity t raverses were also measured using depleted 
uranium and Pu-239 samples, and central reactivity measurements were 
made with nine samples (U-235, Pu-239, U-238, and B-10). The results 
a re being analyzed. 
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The core drawers in Assembly 58 were removed from the 
lattice, and the radial and axial reflectors replaced by lead blocks. A new 
approach to cri t ical was initiated. The cri t ical loading is shown in 
Fig. I.A.20, and contained 75.89 kg Pu-239 and 0.20 kg Pu-241 . Control 
Rod 5 was removed 1.83 in. The core-drawer numbers refer to their 
slightly different contents and were detailed in ANL-7640. The half-drawer 
type 2 in position S-19 in Half 2 was used to prevent too much excess 
reactivity in this loading. The average core and blanket compositions are 
given in Table I.A.4. The equivalent cylindrical loading is exactly as given in 
ANL-7640 except that the equivalent core radius is 23.830 cm. 

- : ! 

m i^ 
m 

HALF I 
S'SAFETV RODS C'CONTROL RODS 

m .USJi.MlllL 

I:: 

HALF 2 
T'STARTUP SOURCE TUBE N-NEUTRON LEVEL DETECTOR 

Fig. I.A.20. Critical Loading for ZPR-3 Assembly 59 

T A B L E I .A.4 . A v e r a g e C o r e and R e f l e c t o r C o m p o s i t i o n s 
for Z P R - 3 A s s e m b l y 59 ( A t o m s / c c x 10"^') 

I so tope 

P u - 2 3 9 
P u - 2 4 0 
P u - 2 4 1 

Al 
C 
F e 
Cr 
Ni 
Mn 
Si 
P b 

C o r e 

2.1030 
0.1003 
0.0056 
0.217 

59.02 
7.717 
1.919 
0.875 
0.0801 
0.0941 

-

Axia l R e f l e c t o r 

_ 
-
-
-
-

5.593 
1.391 
0.609 
0.058"! 
0.0682 

28 .16^ 

R a d i a l Ref l ec to r 

_ 
-
-
-
-

4.540 
1.129 
0.494 
0.0471 
0.0553 

28.24^ 

P r e l i m i n a r y v a l u e s . 
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The w o r t h of the sa fe ty and c o n t r o l r o d s w e r e m e a s u r e d by the 
u s u a l m e t h o d . The r e s u l t s a r e shown in T a b l e I .A .5 . Rods 3 and 7 wi l l be 
the l owes t of the s a f e t i e s in t h e i r r e s p e c t i v e h a l v e s so the t o t a l sa fe ty r o d 
w o r t h wi l l be m o r e than 3.16%. 

T A B L E I .A .5 . Safety and C o n t r o l Rod W o r t h s 
for Z P R - 3 A s s e m b l y 59 

Rod Worth (%Ak/k) 

Safety Rod 3, Half 2 0.37 
Safe ty Rod 7, Half 1 0.42 
C o n t r o l Rod 5, Half 2 0.33 
C o n t r o l Rod 6, Half 1 0.12 
T o t a l 8 Safety Rods >3.16 

E r r a t u m . In the S e p t e m b e r r e p o r t of w o r k done at Z P R - 3 u n d e r th i s de t a i l 
(ANL-7618 , p . 14) the cap t ions for F i g s . I .A.7 and I .A.8 , showing the a x i a l 
r e a c t i o n r a t e t r a v e r s e s for B-10 and P u - 2 3 9 in A s s e m b l y 57, w e r e 
i n t e r c h a n g e d . 

c. Dopp le r E x p e r i m e n t s ( R . E . K a i s e r ) 

L a s t R e p o r t e d : A N L - 7 6 3 2 , pp . 13-14 (Oct 1969). 

A n a l y s i s of the n a t u r a l UO2 Dopp le r e x p e r i m e n t s in Z P R - 3 
A s s e m b l y 53 wi th the E N D F / B c r o s s s ec t i on se t has been c o m p l e t e d . The 
p r o c e d u r e inc luded R A B B L E c a l c u l a t i o n s of the change in a^ of U-238 due 
to D o p p l e r b r o a d e n i n g , t w o - d i m e n s i o n a l diffusion c a l c u l a t i o n s of f luxes and 
ad jo in t s in the s a m p l e , and t w o - d i m e n s i o n a l p e r t u r b a t i o n c a l c u l a t i o n s of the 
r e s u l t i n g A k / k . No expans ion c o r r e c t i o n s have been m a d e , as t h i s h a s been 
shown to be neg l ig ib l e for s a m p l e s of t h i s t ype . 

R e s o l v e d r e s o n a n c e p a r a m e t e r s and a p p r o p r i a t e s t a t i s t i c a l 
p a r a m e t e r s for the u n r e s o l v e d r e s o n a n c e s w e r e obta ined f r o m S c h m i d t , * 
and the c r o s s s e c t i o n s for the n o n r e s o n a n t m a t e r i a l s w e r e ob ta ined f r o m 
the E N D F / B l i b r a r y , a s s u m i n g h o m o g e n e o u s sh ie ld ing in an A s s e m b l y 53 
s p e c t r u m . R e s o n a n c e p a r a m e t e r s in the u n r e s o l v e d r e g i o n for U-238 w e r e 
obta ined s t a t i s t i c a l l y , u s i n g a chi s q u a r e d (^=1) d i s t r i b u t i o n for s e l e c t i o n 
of n e u t r o n w i d t h s , and a Wigner d i s t r i b u t i o n for the e n e r g y s p a c i n g . R a d i 
a t ion wid ths w e r e a s s u m e d c o n s t a n t . P - w a v e r e s o n a n c e s w e r e inc luded , 
but c o n t r i b u t e d only a few p e r c e n t of the t o t a l effect . One g r o u p of 30 r e s o 
n a n c e s w a s u s e d to d e t e r m i n e a v e r a g e b r o a d - g r o u p c r o s s s e c t i o n s f r o m the 
r e s o l v e d l i m i t (3.91 keV) up to 24.8 keV. E s t i m a t e s b a s e d on the c a l c u l a t e d 

*Schmidt, J. J., Neutron Cross Sections for Fast Reactor Materials, KFK 120 (Feb 1966). 
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6Sa and weighted by 00* at the center of the reactor indicated that groups 
above 24.8 keV would contribute less than one percent of the total change 
in k. 

Cross sections for U-238, U-235, and oxygen for the sample 
configuration were obtained from an MC^ run, and the U-238 values were 
then modified according to the RABBLE resul ts to give cross sections at 
300, 500, 800, and 1100°K. The initial 24-group E N D F / B c ross -sec t ion 
set was then collapsed to 1 5 groups. Only those groups in which the Doppler 
effect was insignificant were collapsed. The resulting 15-group c r o s s -
section set was then used in a two-dimensional diffusion problem and the 
reactivity differences evaluated from perturbation theory. The resul ts of 
the calculations and the experimental values a re given in Table I.A.6. 

TABLE I.A.6. Calculated and Measured Reactivity Change in 
Natural UO2 Doppler Experiment in ZPR-3 Assembly 53 

T (°K) Measured Ak/k Calculated Ak/k % Dev^ 

300-500 -(5.05 ± 0.05)xl0-^ -6.13x10"^ 21.4 
300-800 -(1.09 ± 0.05)xlO"^ -1.27x10"'^ 16.5 
300-1100 -(1.55 ± 0.05)xl0"^ -1.76x10"^ 13.5 

^Experimental value as standard. 

d. Mockup Critical Experiments (W P . Keeney) 

Last Reported: ANL-7640, p. 24 (Nov 1969). 

At the conclusion of experiments with Assembly 2 of the FTR 
Resumed Phase-B Critical Experiments P r o g r a m for ZPPR, all of the 
materials necessary to construct the FTR-3 on ZPR-9 were t ransferred 
to Argonne, 111. 

This report includes the data for the radial react ion-rate 
counter t r ave r ses , the normalization of the counter t r ave r ses at the various 
axial elevations, additional subcrit ical cOLints on the PNL fission counters, 
and preliminary results of the central fission ra t ios . The final f ission-ratio 
results are awaiting a reconfirmation of the thermal calibration of the 
counters. All of the activation measurements will be reported after the 
intercalibration of the three counter systems has been completed. This 
calibration has been delayed due to a magnetic tape readout malfunction. 

(i) Radial React ion-rate Counter Traverses . Radial reaction-
rate t r averses at 3- , 14-, and 22-in. axial elevations through the 137 row 
were made with U-238, Pu-239, and B-10 counters in the FTR-2 shield 
configuration, both with and without fuel in the fuel storage region (see 
Progress Report for October 1969, ANL-7632, pp. 14-22). The loading 
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d i a g r a m s of t he d r a w e r s in each zone of the a s s e m b l y a r e shown in 
F i g s . I .A.21 to I .A .30 . F i g u r e I .A.31 shows the p h y s i c a l c o n s t r u c t i o n of 
the Z P P R T r a v e r s e F i s s i o n C o u n t e r s wh ich w e r e d e s c r i b e d in the P r o g r e s s 
R e p o r t for Augus t 1969, A N L - 7 6 0 6 , p . 28, a long wi th the BF3 c o u n t e r u s e d 
in t h e s e t r a v e r s e s . The n o r m a l i z e d t a b u l a t e d da ta a r e p lo t ted in F i g s . I .A.32 
to I .A .49 . 
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(a) 1-column Depleted Uranium Drawer 

(b) 2-column Depleted Uranium Drawer 

Fig. I.A.21. Depleted-core-zone Drawers Accommodating Radial Traverse at 3-in. Axial Position in 
ZPPR/FTR-2 Shield Configuration. Side View; 0-6 in. Top View: 6-23 in. 
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Fig. I.A.22. Depleted-core-zoue Drawers Accommodating Radial Traverse at 
14-in. Axial Position in ZPPR/FTR-2 Shield Configuration 
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Fig. I.A.23. Depleted-core-zone Drawers Accommodating Radial Traverse at 22-in. Axial Position 
in ZPPR/FTR-2 Shield Configuration. Side View: 18-23 in. Top View; 0-18 in. 
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Fig. I.A.26. Core Drawers Accommodating Radial Traverse at 14-ln. Axial Position in ZPPR/FTR-2 
Shield Configuration. Top View: 0-13 in.. 18-23 in. Side View: 13-18 in. 
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(a) 1-column Pu Drawer 

(b) 2-column Pu Drawer 

Fig. I.A.27. Core Drawers Accommodating Radial Traverse at 22-in. Axial Position in ZPPR/FTR-2 
Shield Configuration. Top View: 0-18 in. Side View: 18-23 in. 
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Fig. I.A.28. Fuel-storage-zone Drawers Accommodating Radial Traverse at 3-in. Axial Position 
in ZPPR/FTR-2 Shield Configuration. Side View: 0-4 in. Top View: 4-23 in. 
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(a) 1-column Pu Drawer 

(b) 2-column Pu Drawer 

Fig. I.A.29. Fuel-storage-zone Drawers Accommodating Radial Traverse at 14-in. Axial Position in 
ZPPR/FTR-2 Shield Configuration. Side View: 13-18 in. Top View: 0-13 in., 18-23 in. 
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(b) 2-column Pu Drawer 

Fig. I.A.30. Fuel-storage-zone Drawers Accommodating Radial Traverse at 22-in. Axial Position 
in ZPPR/FTR-2 Shield Configuration. Side View: 18-23 in. Top View: 0-18 in. 

Pu-239: COUNTER NO. 76 

COMPOSITION: 9>(.>I5Z$ Pu-239 
5.263J Pu-2110 
0.272S Pu-2m 
0.0I3S Pu-2<t2 

LOADING: \07.7LLg 

ACTIVE LENGTH: 2.173 i n . 

U-238: COUNTER NO. I IV 

COMPOSITION: <I9.9986:1 U-23B 

LOADING: \HH,i LLq 

ACTIVE LENGTH - 2.173 | n . 

Fig. I.A.31 

ZPPR Traverse Fission Counters 

SKETCH OF Pu-23»0R U-23B COUNTER: 

file:///07.7LLg
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Fig. I.A.32. Traverse with BF3 Counter at 3-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.33. Traverse with BF3 Counter at 3-in. Axial Position 
with Fuel in Fuel-storage Area 
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Fig. I.A.34. Traverse with U-238 Counter at 3-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.35. Traverse with U-238 Counter at 3-in. Axial Position 
with Fuel in Fuel-storage Area 
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Fig. I.A.36. Traverse with Pu-239 Counter at 3-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.37. Traverse with Pu-239 Counter at 3-in. Axial Position 
with Fuel in Fucl-stor.ige Area 
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Fig. I.A.38. Traverse with BF3 Counter at 14-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.39. Traverse with BF3 Counter at 14-in. Axial Position 
with Fuel in Fuel-storage Area 
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flBOIBL POSITION INCHES 

Fig. I.A.40. Traverse with U-238 Counter at 14-in. Axial Position 
without Fuel in Fuel-storage Area 

IVOIflL POSITION INCICS 

Fig. I.A.41. Traverse with U-238 Counter at 14-in. Axial Position 
with Fuel in Fuel-storage Area 
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nnoiK. POSITION INCHES 

Fig. I.A.42. Traverse with Pu-239 Counter at 14-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.43. Traverse with Pu-239 Counter at 14-in. Axial Position 
with Fuel in Fuel-storage Area 
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Fig. I.A.44. Traverse with BF3 Counter at 22-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.45. Traverse with BF3 Counter at 22-in. Axial Position 
with Fuel in Fuel-storage Area 
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Fig. I.A.46. Traverse with U-238 Counter at 22-in. Axial Position 
with Fuel in Fuel-storage Area 
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Fig. I.A.47. Traverse with U-238 Counter at 22-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.48. Traverse with Pu-239 Counter at 22-in. Axial Position 
without Fuel in Fuel-storage Area 
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Fig. I.A.49. Traverse with Pu-239 Counter at 22-in. Axial Position 
with Fuel in Fuel-storage Area 
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Upon comple t ion of the r a d i a l t r a v e r s e s the r e a c t o r loading 
was r e t u r n e d to Loading 1-120 ( s ee A N L - 7 6 3 2 ) . The c e n t r a l m a t r i x e l e m e n t 
in the dep le ted zone (137 and 237-37) w a s r e l o a d e d a s shown in F i g . I .A.50 to 
a c c o m m o d a t e the t r a v e r s e c o u n t e r s . The c e n t r a l d r a w e r s in Half 2 w e r e the 
m i r r o r i m a g e of Half 1. E a c h of the t r a v e r s e c o u n t e r s was then loaded at 
each of the t h r e e a x i a l p o s i t i o n s a t wh ich the r a d i a l t r a v e r s e s w e r e m a d e . 
The "Axia l T r a v e r s e " da ta a r e l i s t ed in Tab le I .A .7 . T h e s e da ta , to p r o v i d e 
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Fig. I.A.50. Depleted-core-zone Central Drawers Accommodating Traverse Counters for Axial Normalization of 
Radial Traverse Data in ZPPR/FTR-2 Shield Configuration. Columns G-J contain 1-in.-high material. 

TABLE I.A,7. Axial Traverse with Radial Traverse Counters 
{ Z P P R / F T R - 2 Shield Configuration) 

Traverse Counter 

BF3 
(RSN 210s) 

Pu-239 
(No. 76) 

U-238 
(No. 114) 

r, Z" (in.) 

0 
0 
0, 

0 
0 
0, 

0. 

0. 
0, 

3 
14 
22 

3 
14 
22 

3 
14 
22 

Normalized 
Count Rate (±0.6%) 

1.000 
0.847 
1.377 

1.000 
0.808 
1.093 

1.000 
0.619 
0.216 

r - radial distance from center of core; Z = axial distance from 
axial centerplane of core. 
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an axial normalization, were considered necessary due to the extended time 
period over which the radial t r ave r ses were run and because changes in the 
t r ave r se counter electronics had been made within this period. 

(ii) Shield Counter Experiment. To provide the analyst with 
data concerning the origin of the neutron flux in the outer region of the 
shield, the effect of replacing the outer shield column (the number 10 column 
in Loading 1-120, with void) and then replacing the shield column (for an 
axial depth of 18.036 in.) in both halves with B4C was measured by deter 
mining the change in the count rate of a Pu-239 spherical fission counter 
(BTB) located 1 in. frora the axial midplane in 137-11. The composition of 
the Pu-239 counter was Pu-23 9, 94.414 wt %; Pu-240, 5.264 wt %; Pu-241 , 
0.307 wt%; Pu-242, 0.016 wt%. Table I.A.8 gives the composition of the 
substitutions and the resu l t s . 

TABLE I.A.8. Composition for 
Shield Counter Experiment 

Nuclide 

C 
F e 
Ni 
C r 
Mn 
Mo 
B-10 
B-11 

B4C Substitution^ 
(atoms/b-cm) 

0.01795 
0.008709 
0.001146 
0.002501 
0.0002002 
0.0000168 
0.01387 
0.05624 

Shield Removed^ 
(atoms/b-cm) 

0.004107 
0.0005130 
0.001183 
0.0001065 
0.0000118 

» 

^B4C substituted for ±18.036 in., measured from 
assembly midplane. The remaining matr ix tube 
loaded with shield composition. This represents 
14.8 vol %SS, 64.87 vol% B4C, and 20. 33 vol % void. 

'^Entire mat r ix tube voided. Composition r ep re 
sents that of matr ix tube alone. 

Results 

Normalized 
Condition Count Rate 

Shield mater ia l in column 137-10 1.000 
Shield mater ia l out of column 137-10 0.932 
B4C substituted for shield mater ia l 
in column 137-10 0.447 
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(iii) Subcritical Count Data. Starting with Loading 1-120 the 
boron control ring was installed in the reactor . Plutonium plates were 
then substituted for the depleted-uranium plates in the center depleted 
zone of the reactor . The subcritical counter data given in Table I.A.9 was 
obtained as the loading changes of Table I.A.10 were made. The resulting 
loading, 1-154, is shown in Fig. I.A.51. 

(iv) Central Fission Ratios. Central fission ratios were 
measured in Loading 1-154 in Position 136-37 and/or 238-37, correspond
ing to the heavily loaded drawer measurements of Assembly 56B (see 
Progress Report for April-May 1969, ANL-7577, p. 35). The preliminary 
data, pending reconfirnaation of the thermal calibration of the back-to-back 
fission counters, are listed in Table I.A. 11. The drawer loadings for the 
counter are shown in Fig. I.A.52. 

TABLE I.A.9. Subcrit ical Count Data for Return lo loading 1-70 + Sii ield (Loading 1-1541 

Loading 
No. 

150 
151 
152 
153 
154<: 

kex 
l%Ai(/l(l 

-
-
-
--0.004 

-0.523 

Fission 

132-22 

117.1 
160.1 
247.0 
721.0 
93070 
968.5 

-chamber 
(c/sec) 

126-47 

106.0 
147.7 
232.9 
672.0 
87248 
906.8 

Data' 

137-52 

86,5 
119.9 
185.3 
545.6 
36375 
717.7 

Ch. 7 (A) 

0.295 (-101 
0.410 (-101 
0.645 (-101 
0.192 (-91 
0.350 (-7) 
0.259 (-9) 

Operationai 

Ch. 8 (A) 

0.410 (-10) 
0.550 (-10) 
0.850 (-10) 
0.268 (-9) 
0.480 (-7) 
0.349 (-91 

-chamber Data"^ 

Pico (A) 

0.113 1-101 
0.152 1-10) 
0.237 (-10) 
0.688 (-10) 
0.127 (-7) 
0.908 l - IOl 

BF3-2 
(c/sec) 

573.8 
818.4 
1318 
3854 

-
-

BF3-3 
(c/sec) 

108.0 
150.4 
237.5 
695.8 

-
-

U-235 fission chambers manufactured by Westinghouse. Modei 6376 located in matrix positions 
132-22 (r • 87.68 cml and 126.47 (r • 84.14 cml. Modei 6376A located in 137-52 (r • 82.79 cml . 
Front of chambers aligned with reactor axial midplane. Data monitored for time intervals 

.yielding 1 1 % count ing statistics. 
The Pico, Ch. Z a n d . C h . 8 are B-10-lined ionization chambers. The Pico is located in matrix 
position 136-55 (r • 99.52 cml , and Ch. 7 and 8 and located at the corners of the halves at a 
radius of 161.49 cm. The front of all three chambers are aligned with the reactor axial 
midplane. The BF3 chambers are located in the assembly immediately behind the axial 
reflector: BF3-2 in matrix position 137-37 and BF3-3 in 148-48. 

^Crit ical i ty was achieved on Loading No. 154. The two degrees of subcri t ical i ty were achieved 
by manipulation of the control rods. 

TABLE i.A.lO. Return to Loading 1-70 + Shield 

(Loading 1-1541 

Loading 
No. 

Substituted Pu for Depleted Uran ium^ 
(fvlatrix Position) 

Total Fissile Mass'' 
in Assembly (kg) 

150 Reference (B.C control r ing instal ledl 498.073 
151 136-35, 136-39, 138-35, 138-39 S 139-38 507 063 
152 135-37, 137-35, 137-39 & 139-37 515.054 
153 136-36, 136-37, 136-38, 138-36, 138-37 & 138-38 522.799 
154 137-36, 137-37 & 137-38 527.041 

'Only Haif-1 positions are listed. Substitutions were made in the mirror-
image positions of Half 2 on each loading. 

°Pu-239 + Pu-241 + U-235. 
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TABLE I .A.I 1. M e a s u r e d C e n t r a l F i s s i o n Ra t ios in Z P P R / F T R - 2 ^ 

M e a s u r e d in 136-37 and 238-37 p o s i t i o n s 

Nucl ide (i) 

U-233 

U-234 

U-236 

"/^Va, (U- 2 3 5 ) 

1.465 

0.204 

0.0621 

Nucl ide (i) o / ' V o f (u-235) 

U-238 

P u - 2 3 9 

P u - 2 4 0 

0.0294 

0.973 

0.227 

^The e x p e r i m e n t a l u n c e r t a i n t y is in the o r d e r of ±1% for a l l r a t i o s . 
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Fig. I.A.52. Central Core Drawers Accommodating Fission Chambers for Cential-fissicn-
ratio Measurements in ZPPR/FTR-2 Reference Loading plus Shield 
(Ldg 1-154). 
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B. Component Development-- LMFBR 

1. Instrumentation and Control 

a. Instrumentation Development for Instrumented Subassembly 

(i) Instrumented-Sub assembly Flowmeters (G. A. Fors te r ) 

Last Reported: ANL-7632, p. 31 (Oct 1969). 

(a) Procurement of Mark-Ill (Sodium-calibratable) 
Flowmeters . Two contracts have been negotiated, one for four flowmeters 
with delivery due August 21, 1970, the other for two units with delivery due 
July 27, 1970. Both contracts will be monitored according to the quality 
assurance plan developed to ensure delivery of quality instruments . ANL 
experienced no difficulty in fabricating one EBR-II Mark-Ill flowmeter in 
accordance with the specifications, drawings, and detailed assembly pro
cedures that are part of the two contracts . 

(b) Modifications of Calibration Loop for Mark-Ill 
Floyymeters. Modifications are complete, and the system is being tested. 
The operating tempera ture is limited to 800°F because an older dump tank 
is being used temporari ly . 

(c) Calibration of Mark-Ill Flowmeters 

Not previously reported. 

The Mark-Ill flowmeter fabricated at ANL has been 
installed in the calibration loop. It will be calibrated at temperatures to 
800°F, then cleaned for use in the EBR-II Instrumented Subassembly Test 3. 

b. F F T F Instrumentation (R. A. Jaross) 

(i) In-Core Flowmeter (T. P. Mulcahey) 

Last Reported: ANL-7640, pp. 25-30 (Nov 1969). 

(a) Tests of Model Probe-type Eddy-current Flowsensors . 
Stability tes ts have been performed in an oven with Probes X-3, X-4, X-5, 
SSX-6, X-7, and X-8. Table I.B.I gives the coil details for these probes, 
all of which have one pr imary coil and two secondary coils. The use of a 
Type 304 stainless steel bobbin in Probe SSX-6 is to show that Inconel-600 
exhibits a t ransi t ion region near 380°F. 

The quality factor, Qf = Instability in mV r m s / 
Sensitivity in mV r m s - f t / s e c , defined as the ratio of instability to sensitivity 
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or the p e r c e n t of s e n s i t i v i t y tha t r e p r e s e n t s i n s t a b i l i t y , is a t e r m u s e d to 
c o m p a r e the v a r i o u s p r o b e s . The following da t a f r o m a s e t of t h r e e t e s t 
runs for each p r o b e show the c o m p a r i s o n : 

X - 3 : Q 
0 . 1 

f 0.771 X 100 13%; 

X-4 : Qf 
0.1 

0.44 

0.021 

•X 100 = 22. 

X - 5 : Qf = - ^ ^ ^ 1 0 0 = 51.3%; 

X - 7 : Qf 
0 . 7 5 

0 . 4 4 2 
X 100 = 1 7 0 % ; 

X - 8 : Qf 
0 .1 

0 . 2 7 
X 100 37%. 

T A B L E I . B . l . De ta i l s of Coi l s T e s t e d 

Coil 
N o . 

X - 3 

X - 4 

X - 5 

SSX-6 

X - 7 

X - 8 

Si 

P r 

z e of 

m a r y 
Coil 

1/8 

1 /2 

1 / 8 

I / Z 

1 / 8 
1 /2 

1 / 8 

I / Z 

1 /8 

1 /2 

1 / 8 

1 / 4 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

n . 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

Size o f Each 
Seconda ry 

1 / 8 

1 /2 

1 / 8 

1 /2 

1 / 8 

1 /2 

1 / 8 

1 /2 

1 / 8 
1 / 4 

1 / 8 
1 / 4 

Coil 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

deep 
wide 

No. of No. of 
P r i m a r y S e c o n d a r y W i r e Type Bobbin 

T u r n s / C o i l T u r n s / C o i l and S ize M a t e r i a l 

235 232 C o p p e r - F i b e r g l a s s , Incone l -600 
AWG #30 

137 C o p p e r - F i b e r g l a s s , I ncone l -600 
AWG #26 

55 C o p p e r - h e a v y Incone l -600 
F o r m v a r , AWG #20 

239 C o p p e r - F i b e r g l a s s , Type 304 SS 
AWG #30 

119 C o p p e r - F i b e r g l a s s , Incone l -600 
AWG #30 

117 C o p p e r - F i b e r g l a s s , Incone l -600 
AWG #30 

F r o m t h e s e r e s u l t s it a p p e a r s tha t X - 3 , with the 
s m a l l e s t w i r e and l a r g e s t coil c r o s s s ec t i on , m a k e s the b e s t combina t ion ; 
however , when one c o n s i d e r s the n a t u r e of the f i b e r g l a s s i n s u l a t i o n , a def i 
nite conclus ion cannot be fo rmed at th is t i m e . All the bobbins excep t X - 5 
will now be rewound with the a p p r o p r i a t e s i z e of h e a v y F o r m v a r - i n s u l a t e d 
copper w i r e . It r e c e n t l y has been p r o v e n , with X - 5 , that s h o r t - t e r m t e s t s 
with F o r m v a r can be m a d e to 600 o r 700°F. L a t e r t e s t s wil l p r o b a b l y in 
clude s e v e r a l bobbins rewound with c e r a m i c - c o a t e d n i c k e l - c l a d s i l v e r 
w i r e at 1200 or 1400°F. 

Bobbin SSX-6 p roved the a n o m a l y of the Incone l -600 
bobbins . This probe c o m p a r e s phys i ca l l y with X - 3 and exhib i ted a p p r o x i m a t e l y 
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the same stability as X-3. Because of precipitation at the surface at ele
vated t empera tures , Type 304 stainless steel was ruled out early. 

(b) Tests of Model Probe-type Permanent-magnet 
Flowsensors . Major effort was placed on preparation of specifications for 
procurement of a Type-A flowsensor from a commercial source for tes t 
ing in the CAMEL Loop. 

Flowsensor A-4-0 was made using an Alnico-8 mag
net (see P rogres s Report for October 1969, ANL-7632, p. 32). Although 
this flowsensor exhibits better sensitivity than Flowsensor A-4, we believe 
that an appreciable amount of magnetic flux is lost in the gaps formed by 
the slots in the magnet. Therefore, a compromise between the shape of 
the magnets of Flowsensors A-4 and A-4-0 is being included in the pro
curement specifications. 

Test results for Flowsensor A-4-0 are shown in 
Fig. I .B.I . Figures I.B.2 and I.B.3 show data from tests of Flowsensor A-4 
in the CAMEL Loop at 325 and 1200°F after the Alnico-8 flowsensor magnet 
had been temperature-s tabi l ized at 1300°F for operation at 1200°F. For a 
sodium-flow velocity of ~8.2 f t /sec , the output signal at 1200°F decreased 
-11.5% from what it was at 325°F. Extrapolation of the data in Fig. I.B.3 
indicates that an output signal of -7.75 mV at a flow velocity of 16.2 ft /sec 
at 1200°F will be produced by Flowsensor A-4. 

c. EBR-II In-Core Instrument Test Facility (E. Hutter) 

(i) Pre l iminary Study of Various Schemes (O. S. Seim and 
R. H. Olp) 

Last Reported: 7UML-7640, pp. 31-32 (Nov 1969). 

Two types of handling containers-- the straight type and the 
reel type--for installing and removing test sensors from the reactor core 
region have been considered. The straight type of handling container would 
be used to install and remove the 36-ft-long, rigid, inner sensor thimble 
assembly. It consists of a 42-in.-long, lower shielded coffin section, a 
straight 10-ft-long center section, and a straight 21-ft-long upper section. 
The reel type of handling container would be used with the flexible sensor 
leads. It consists of the 42-in.-long, lower shielded coffin section and a 
reel assembly which would loop the leads into a coil as they are withdrawn 
from the thimble for periodic recalibration and subsequent reinsert ion into 
the core for continued testing. With the reel type of container, a rather 
complex operational procedure is required when inserting flexible sensor 
leads into the core . 
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34 mV, 
"3.5 gpm 

4.5 mV, 
8.55 ft/sec 

10 0 
Output Signal, mV 

Fig. I.B.I. Tests of Permanent-magnet Flowsensor A-4-0 at 390°F 
in the 2-in. Schedule-40 Pipe Test Section of the Modi
fied Annular Induction Pump Loop 



J I 
4 3 2 1 0 1 2 3 4 

Output Signal, mV 

Fig. I.B.2. Test of Permanent-magnet Flowsensor A-4 at 325°F in the 
4-in. Schedule-10 Pipe Test Section of the CAMEL Loop. 
The magnet was temperature-stabilized at 1300°F for 
operation at 1200°F. 

5 4 3 2 1 0 1 2 3 4 
Output Signal, mV 

Fig. I.B.3. Test of Permanent-magnet Flowsensor A-4 at 1200°F in the 
4-in. Schedule-10 Pipe Test Section of the CAMEL Loop. 
The magnet was temperature-stabilized at 1300°F for 
operation at 1200°F. 
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A new concept has evolved which simplifies the conversion 
between handling functions and reduces the number of components required. 
In this concept, a 10-ft-long offset container would replace the 10-ft-long 
center section of the straight type of handling container when flexible leads 
are to be handled. A 2-ft offset in the 10-ft-long container would be pro
vided by two large-radius bends (approximately 25° each) in an a rea where 
bending of the sensor leads could be tolerated and where only that portion 
of the leads which do not operate within the core region would be affected. 

The offset section would clear the support s t ructure of the 
reactor-vessel cover-lifting mechanism, thus eliminating the need to r e 
move the support s t ructure whenever sensor leads are to be installed or 
removed. (The support s t ructure must be removed, however, when the 
straight type of container is used to remove or install the rigid inner-
thimble assembly.) 

2. Fuel Handling, Vessels and Internals 

a. Core Component Test Loop (CCTL) (R. A. Ja ross ) 

Last Reported: ANL-7640, pp, 32-33 (Nov 1969). 

(i) Loop Modifications to Accommodate Second F F T F 
Subassembly. Work on the pump-bypass piping and the 4-in.-flowtube in
stallation has been completed except for some minor pipe-hanger adjust
ments. Modification of the plugging loop is -40% complete. 

Designs are being reviewed for a vacuum-disti l lation 
sampler for the on-site distillation of sodium samples from the CCTL. The 
unit would be located at floor level near the test vesse l and would circulate 
sodium from and to the test vessel . The design provides capability of ex
posing materials specimens in the sampler. 

High-temperature dry-test ing of the gate-valve ai r - lock 
assembly is continuing. Since this equipment was fabricated, the valve-
support structure and operating stem have been completely revised. 

The four p ressu re t ransducers for installation on the 
Mark-II fuel assembly are being calibrated. The l /2 - in . and 2-in. valves 
of the types installed in the CCTL are being tested at tempera ture in 
sodium. 
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C. Sod ium Techno logy 

1. S o d i u m C h e m i s t r y 

a. D e t e r m i n a t i o n of the Solubi l i ty of G a s e s in Liquid Sod ium 
( F . C a f a s s o and E. V e l e c k i s ) 

L a s t R e p o r t e d : A N L - 7 6 1 8 , pp. 21 -22 (Sept 1969). 

(i) Xenon So lub i l i ty in Sod ium. The i n c l u s i o n of i s o t o p i c r a i x -
t u r e s * of xenon in g a s - b o n d e d fuel e l e m e n t s is be ing eva lua t ed at E B R - I I as 
a m e a n s of l oca t i ng fuel f a i l u r e s in L M F B R s (see P r o g r e s s R e p o r t for 
N o v e m b e r 1969, A N L - 7 6 4 0 , pp. 53-57) . Xenon e s c a p i n g f r o m fai led fuel 
p a s s e s t h r o u g h the s o d i u m coolan t and e n t e r s the c o v e r g a s , which can be 
a n a l y z e d by a m a s s s p e c t r o m e t e r . A c c o r d i n g l y , the so lub i l i ty of xenon in 
l iquid s o d i u m is of i m p o r t a n c e . C a l c u l a t i o n s b a s e d on a so lu t ion m o d e l 
deve loped r e c e n t l y by H. M. F e d e r and E. C. S c h y n d e r s u n d e r a d i f f e ren t 
p r o g r a m ( s u p p o r t e d by the D iv i s ion of R e s e a r c h ) i n d i c a t e tha t th i s so lub i l i t y 
i s so low tha t it wi l l not l i m i t the s e n s i t i v i t y of the p r o p o s e d d e t e c t i o n m e t h o d . 
S u b s t a n t i a t i o n of the p r e d i c t e d so lub i l i ty is be ing sought by e x p e r i m e n t . 

M e a s u r e m e n t s of xenon so lub i l i ty in l iquid s o d i u m wil l be 
m a d e wi th ex i s t i ng a p p a r a t u s . The t echn ique to be u s e d p r o v e d s u c c e s s f u l 
in our p r e v i o u s d e t e r m i n a t i o n s of the so lub i l i t i e s in s o d i u m of a r g o n and 
h e l i u m ( see A N L - 7 6 1 8 , pp. 2 1 - 2 2 ) . The t e chn ique invo lves s a t u r a t i n g 
l iqu id s o d i u m wi th xenon gas at a p r e s e l e c t e d t e m p e r a t u r e and p r e s s u r e , 
s t r i p p i n g the d i s s o l v e d xenon f rom s o d i u m with a h e l i u m s p a r g e , t r a p p i n g 
the s t r i p p e d xenon on l i q u i d - n i t r o g e n - c o o l e d M o l e c u l a r S i e v e s , t r a n s f e r r i n g 
it to a bu lb , and f ina l ly a s s a y i n g it . The amoun t of xenon in the gas s a m p l e 
is e x p e c t e d to be in the n a n o m o l e r a n g e . B e c a u s e gas c h r o m a t o g r a p h y is a 
conven i en t m e t h o d of a n a l y s i s , e x p e r i m e n t s w e r e r u n to d e t e r m i n e w h e t h e r 
o r not it would be suf f ic ien t ly s e n s i t i v e for the xenon a n a l y s e s . Gas s a m p l e s 
con ta in ing 5-100 n a n o m o l e s of xenon w e r e a s s a y e d with a B e c k m a n G C - 5 gas 
c h r o m a t o g r a p h equ ipped wi th an i on i za t i on d e t e c t o r . E lu t ion p e a k s w e r e o b 
t a ined w h o s e a r e a v a r i e d l i n e a r l y wi th xenon c o n c e n t r a t i o n . T h u s , i t a p p e a r s 
tha t g a s - c h r o m a t o g r a p h i c a n a l y s i s wil l be adequa te if the xenon so lub i l i t y 
fa l l s wi th in the p r e d i c t e d r a n g e . 

2. S o d i u m A n a l y t i c a l D e v e l o p m e n t 

a. D e v e l o p m e n t of Methods for the D e t e r m i n a t i o n of Oxygen , 
C a r b o n , N i t r o g e n , and H y d r o g e n S p e c i e s (R. J . M e y e r and 
M. B a r s k y ) 

Not r e p o r t e d p r e v i o u s l y . 

*Chemical Engineering Division Annual Report--1968, ANL-7576, pp. 105-111 (April 1969). 
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The p u r p o s e of th is w o r k is the d e v e l o p m e n t of s t a n d a r d c h e m i 
ca l and i n s t r u m e n t a l m e t h o d s for d e t e r m i n i n g oxygen, c a r b o n , n i t r o g e n , and 
hyd rogen s p e c i e s in s o d i u m , as wel l as the t o t a l con ten t of e a c h of t h e s e s o -
ca l led i n t e r s t i t i a l e l e m e n t s . 

(i) Eva lua t ion of Ion M i c r o p r o b e M a s s A n a l y z e r . App l i ed R e 
s e a r c h L a b o r a t o r i e s (ARL) h a s deve loped the Ion M i c r o p r o b e M a s s A n a l y z e r 
(IMMA), an i n s t r u m e n t wi th po ten t i a l a p p l i c a t i o n for the m i c r o a n a l y s i s of 
con taminan t s p e c i e s in sod ium. S a m p l e a t o m s a r e ion ized by a f inely fo
cused ion b e a m that imp inges on the s u r f a c e of the so l id s a m p l e . The s a m 
ple ions a r e co l l ec t ed and m a s s ana lyzed in a m a s s s p e c t r o m e t e r . 

The app l i cab i l i t y of the IMMA to s o d i u m is be ing e x a m i n e d . 
Two s a m p l e s w e r e s u b m i t t e d to A R L : one was E B R - I I s e c o n d a r y s o d i u m , 
the o ther s o d i u m conta ining s o d i u m cyan ide . The r e s u l t s f r o m t h e s e s a m 
ples enable eva lua t ion of the IMMA. 

(ii) Techn iques for Sod ium R e m o v a l . S p e c i e s of the i n t e r s t i t i a l 
e l emen t s in s o d i u m a r e g e n e r a l l y p r e s e n t in the p p m to ppb r a n g e . To s i m 
plify t he i r iden t i f ica t ion by c h e m i c a l m e t h o d s , s o m e d e g r e e of c o n c e n t r a t i o n 
is n e c e s s a r y . This can be a c c o m p l i s h e d by s e p a r a t i o n of the s o d i u m . The 
v a r i o u s t echn iques tha t have b e e n u s e d for s o d i u m r e m o v a l a r e d i s t i l l a t i o n , 
a m a l g a m a t i o n , r e a c t i o n with w a t e r , and r e a c t i o n wi th l iquid a m m o n i a . Of 
t h e s e , amalgan:iat ion is the only one that f u r n i s h e s d i r e c t i n f o r m a t i o n about 
hydrogen s p e c i e s ; it m a y a l so yie ld i n f o r m a t i o n about oxygen and c a r b o n 
s p e c i e s . Hence , an effort i s now u n d e r way to e v a l u a t e th i s t e chn ique for 
t h e s e s p e c i e s . 

b . Ana ly t ica l Methods for M e t a l l i c and Hal ide I m p u r i t i e s in Sodium 
(R. J. Meye r and H. E d w a r d s ) 

Not p r e v i o u s l y r e p o r t e d . 

A knowledge of the m e t a l l i c and ha l ide i m p u r i t y con ten t of s o 
dium s y s t e m s is i m p o r t a n t in eva lua t ing c o r r o s i o n and in d e t e c t i n g the 
p r e s e n c e of fuel or f e r t i l e m a t e r i a l s in s o d i u m . The d e t e r m i n a t i o n of t r a c e 
m e t a l s in sod ium by a t o m i c a b s o r p t i o n m e a s u r e m e n t s on d i s t i l l a t i o n r e s i 
dues* has been c a r r i e d out at E B R - I I with c o n s i d e r a b l e s u c c e s s . S t a n d a r d 
iza t ion of th is me thod is now being u n d e r t a k e n at A N L - I l l i n o i s as p a r t of our 
p r o g r a m to cer t i fy ana ly t i ca l m e t h o d s r e l a t e d to s o d i u m techno logy . A d i s 
t i l la t ion a p p a r a t u s s i m i l a r to the one at E B R - I I is be ing a s s e m b l e d and wil l 
be t e s t ed shor t ly . 

R e s e a r c h is a l so u n d e r way on the d e v e l o p m e n t of a r a p i d s u r 
vey method for t r a c e m e t a l s in s o d i u m . The a t o m i c a b s o r p t i o n m e t h o d 

Ramachandran, T. P., and Hareland, W. E., The Determination of Trace Metallic ImpuriUes in Reactor 
^°' ' '""' ' P'esented at the 13th Conference on Analytical Chemistry in Nuclear Technology, GatUnburg, 
Tennessee (Sept. 30-Oct. 2, 
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mentioned above is slow because only one element at a time can be ana
lyzed. Substitution of methods such as X-ray fluorescence or emission 
spectroscopy would permit the simultaneous determination of many metals 
in the distillation res idues , and so such modifications are being explored. 
In addition, a paper study on the feasibility of direct determination of t race 
metals in sodium is being made. 

c. Sampling and Analysis of Cover Gas for Fission Products 
(R. J. Meyer and S. Skladzien) 

Not reported previously. 

The objective of this work is to develop analytical techniques 
and on-line monitors for the identification and radioassay of fission prod
ucts in the cover gas of an operating LMFBR. Surveillance of these fission 
products is important with respect to the detection and identification of failed 
fuel elements, and the re lease of gaseous radioelements into the atmosphere. 

The methods in use at EBR-II to monitor cover gases for radio
active xenon, krypton, cesium, rubidium, iodine, bromine, and tr i t ium are 
being evaluated. For t r i t ium, this has led to the following conclusions: 

(1) The pr imary reason for monitoring and controlling t r i t ium 
is radiological safety, since t r i t ium is not expected to be useful in or in ter
fere with fuel-failure detection and identification. 

(2) Because t r i t ium is a weak beta emitter , it presents no 
radiation hazard unless ingested or inhaled. Hence, accurate assays of the 
contained cover gas are unnecessary. However, the tr i t ium content of gases 
that may be released to the atmosphere is of utmost importance. 

(3) The methods of sampling gases before releasing them to 
the atmosphere via the stack are judged to be reliable for EBR-II and should 
be applicable to F F T F and subsequent LMFBRs. Therefore, at the present 
time ANL plans no additional development work on tr i t ium analysis in the 
EBR-II system. 

3. On-line Monitors 

a. Evaluation and Improvement of Oxygen-activity Meter 
(J. T. Holmes) 

Last Reported: ANL-7618, pp. 22-23 (Sept 1969). 

A cooperative program between Brookhaven (BNL), Pacific 
Northwest (PNL), and Argonne (ANL) has been arranged to improve the 
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on-line electrochemical meter originally developed by United Nuclear 
Corp. (UNC) for the measurement of oxygen activity in liquid sodium. BNL 
has the responsibility of developing a second-generation oxygen meter , in
cluding the sensor, housing, and electronics package, to a point of commer
cialization. PNL has the task of developing and supplying improved 
electrolytes for BNL use. ANL is responsible for defining the requirements 
of the meter , for developing an oxygen-activity station (the station being the 
meter plus auxiliary on-line equipment for calibration and checking of meter 
response), and for planning and carrying out tests on the BNL-developed 
meter(s). 

The improved oxygen meters prepared by BNL will be field-
tested on the Radioactive Sodium Chemistry Loop (RSCL), which is now 
under construction at EBR-II. These tests will provide (l) the first on-line 
oxygen-monitoring equipment for EBR-II, (2) information on whether or not 
beta and gamma radiation affect operation of the meter , and (3) experience 
in adapting and maintaining this type of instrumentation for LMFBR 
conditions. 

The commercially available UNC oxygen cell operates at 600 to 
700°F with a solid electrolyte of thoria-15 wt % yttria and a Cu-CuzO refer
ence electrode. The voltage of the cell depends on the difference in oxygen 
potential between the reference electrode and the oxygen-bearing contami
nants in the sodium under analysis. Field tests of the UNC meter in sodium 
loops at many sites have indicated that it can be used to monitor oxygen in 
sodium continuously at concentrations above 0.1 ppm. However, there are 
still problems associated with its use, such as (l) uncertain lifetime, often 
very short (days or ^veeks), ov/ing to fracture of the electrolyte, (2) lo'w 
tolerance to thermal shock, (3) unstable and often nonreproducible calibra
tion, (4) sensitivity to ambient temperatures , and (5) res tr ic t ion to opera
tion at low temperatures . The development program being carr ied out at 
BNL gives indication that most of the difficulties associated with the UNC 
meters can be overcome. The BNL meters will eventually have an improved 
solid electrolyte, a gas reference electrode, and improved electronic-readout 
instrumentation. 

Before being installed on the RSCL at EBR-II, the BNL meters 
will be tested and calibrated at ANL-Illinois. A small facility with circu
lating sodium is now being modified for this purpose. The meters will be 
calibrated by correlating cell voltage with oxygen-in-sodium concentration 
as determined by such methods as distillation sampling and analysis of the 
residue, equilibration and analysis of refractory metal wires , and oxidation 
rate of uranium foil. The on-line calibration and response-checking proce
dures to be used at EBR-II will be developed during ANL's program of 
testing meters . 
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Qual i ty a s s u r a n c e i n f o r m a t i o n on m a t e r i a l s of c o n s t r u c t i o n for 
the m e t e r and on f a b r i c a t i o n p r o c e d u r e s is now being c o m p i l e d . This i n 
f o r m a t i o n wi l l be f o r w a r d e d to BNL in J a n u a r y 1970 for t h e i r u s e in inak ing 
the p r o t o t y p e m e t e r s for the E B R - I I field t e s t s . The p r e s e n t s c h e d u l e c a l l s 
for s h i p m e n t of t h e s e p r o t o t y p e oxygen m e t e r s to A N L - I l l i n o i s by the end of 
FY 1970. 

4. M a t e r i a l s C o m p a t i b i l i t y 

a. C a n d i d a c y of V a n a d i u m - b a s e Al loys for Cladding L M F B R F u e l s 
(T. F . K a s s n e r and D. L. Smi th) 

L a s t R e p o r t e d : A N L - 7 6 4 0 , pp. 37-38 (Nov 1969). 

(i) D i s t r i b u t i o n Coeff ic ients of I m p u r i t i e s in S o d i u m - M e t a l 
S y s t e m s . Th i s w o r k con t inues the i nves t i ga t i on into the effect of c h r o m i u m 
add i t ions to v a n a d i u m on the ac t iv i ty and so lub i l i ty of oxygen in v a n a d i u m . 
S o m e p r e l i m i n a r y r e s u l t s have been obta ined on the d i s t r i b u t i o n of oxygen 
be tween l iquid s o d i u m and v a n a d i u m a l loys conta ining 10, 15, and 20 wt % 
c h r o m i u m . The e x p e r i m e n t a l me thod was s i m i l a r to the e q u i l i b r a t i o n 
t e chn ique p r e v i o u s l y u s e d to d e t e r m i n e the so lub i l i ty of oxygen in v a n a d i u m . 
H o w e v e r , the oxygen content of the s o d i u m was insuff ic ient to s a t u r a t e the 
a l loy . V a n a d i u m and v a n a d i u m - a l l o y w i r e s v^ere exposed s i m u l t a n e o u s l y 
to s o d i u m u n d e r v a r i o u s condi t ions of t e m p e r a t u r e and oxygen c o n c e n t r a 
t ion. The r e s u l t s a r e given in F ig . I . C . I , w h e r e the oxygen c o n c e n t r a t i o n 

in the a l loys is r e l a t e d to the oxy
gen c o n c e n t r a t i o n in v a n a d i u m . 

* The a l loys conta in c o n s i d e r 
ably l e s s oxygen than the una l loyed 
v a n a d i u m . M o r e o v e r , the d i s t r i b u 
tion coefficient for the oxygen b e 
tween the al loy and s o d i u m d e c r e a s e s 
as the c h r o m i u m c o n c e n t r a t i o n in
c r e a s e s . Fo r V-20 wt % C r , the 
oxygen d i s t r i b u t i o n has d e c r e a s e d 
by a fac tor of eight . C h r o m i u m 
add i t i ons , t h e r e f o r e , would a p p e a r 
to i m p r o v e s ign i f ican t ly the c o m 
pat ib i l i ty of v a n a d i u m with co ld -
t r a p p e d sod ium. 
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Fig. I.C.I. Oxygen Concenuation in V-Cr Alloys vs 
Oxygen Concentration in Vanadium, 
after Simultaneous Exposure to Sodium 

The effect of the c h r o m i u m addi t ions on the oxygen so lu 
b i l i ty in v a n a d i u m h a s not been d e t e r m i n e d yet . T h e r e is s o m e ind ica t ion 
tha t the V ,Cr (Q gj^j^jj-oxide-Oj^^ phase bounda ry ( i . e . , the oxygen c o n c e n 
t r a t i o n in s o d i u m at which the al loy b e c o m e s oxygen s a t u r a t e d ) is r a i s e d . 
E x t e n s i o n of t h e s e e x p e r i m e n t s to v a n a d i u m a l loys conta ining m o r e than 
20 wt % c h r o m i u m is u n d e r way. 
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D. E B R - l l - - R e s e a r c h and D e v e l o p m e n t 

1. E q u i p m e n t - - F u e l Re l a t ed (E. H u t t e r ) 

a. I m p r o v e d G r i p p e r and Holddown F o r c e - l i m i t D e v i c e s 
(W. M. Thompson , J . P a r d i n i , and G. D. G i o r g i s ) 

L a s t Repo r t ed : A N L - 7 5 8 1 , pp . 4 4 - 4 5 (June 1969). 

The c o m p o n e n t s tha t c o m p r i s e the i m p r o v e d s y s t e m for m o n i 
to r ing the f o r c e s e x e r t e d by the g r i p p e r and holddown m e c h a n i s m s d u r i n g 
fuel handl ing a r e being f a b r i c a t e d and t e s t e d . The i m p r o v e m e n t i s be ing 
m a d e e s s e n t i a l l y by r e p l a c i n g the m e c h a n i c a l f o r c e - c a l i b r a t i n g c o m p o n e n t s 
and l i m i t swi tches wi th e l e c t r o n i c c o m p o n e n t s . In the i m p r o v e d s y s t e m , 
p o t e n t i o m e t e r s connec ted to the g r i p p e r and holddown m e c h a n i s m s t r a n s m i t 
e l e c t r i c a l s igna l s c o r r e s p o n d i n g to the d e g r e e of s p r i n g m o v e m e n t r e s u l t i n g 
f rom appl ied v e r t i c a l f o r c e s . An e l e c t r o n i c - s u b s y s t e m p a c k a g e o p e r a t e s in 
r e s p o n s e to t h e s e s igna l s to i nd i ca t e the va lue of app l ied f o r c e s , d i scoun t ing 
the n o r m a l fo rce r e q u i r e d to d r i v e the m e c h a n i s m s . 

The package of e l e c t r o n i c c o m p o n e n t s for the g r i p p e r m e c h a n i s m 
(the ampl i f i e r pane l , r e l a y pane l , and c o m b i n e d p o w e r - s u p p l y p a n e l ) have 
been comple ted , t e s t e d , and sh ipped to the E B R - I I s i t e . The p a c k a g e was 
a s s e m b l e d c o m p l e t e l y and was t e s t e d u s ing two l i n e a r p o t e n t i o m e t e r s as 
input d e v i c e s . Two types of t e s t s w e r e conduc ted , one wi th a s h o r t , d i r e c t 
cable f rom the input d e v i c e s , and the o the r wi th a 2 0 0 - f t - l o n g cab l e c a r r y i n g 
ac po'wer l e ads to s i m u l a t e condi t ions of the fes toon cab l e of the s m a l l r o 
tat ing plug of the r e a c t o r . S a t i s f a c t o r y s y s t e m o p e r a t i o n , a f ter a b r i e f 
p e r i o d of debugging, was obta ined wi th the s h o r t c a b l e . T e s t s wi th the 200-ft 
cab le , ho^vever, shewed u n d e s i r a b l e 6 0 - c y c l e - a c p i ckup . M o s t of the 6 0 - c y c l e 
s ignal was e l i m i n a t e d by i n s e r t i n g addi t iona l f i l t e r n e t w o r k s , and the n o i s e 
condi t ions now s e e m to be within a c c e p t a b l e l i m i t s . It is p l a n n e d to i n s t a l l 
the s y s t e m us ing the ex i s t ing u n s h i e l d e d s igna l l e a d s a v a i l a b l e in the fes toon 
cab le . The s y s t e m wil l be connec t ed t e m p o r a r i l y , and f u r t h e r t e s t s du r ing 
ac tual o p e r a t i n g condi t ions wil l be m a d e to d e t e r m i n e if the n o i s e l eve l i s 
accep tab le be fo re the m e c h a n i c a l f o r c e - l i m i t i n g d e v i c e s a r e r e m o v e d and 
the final i n s t a l l a t i on is m a d e . 

2. New S u b a s s e m b l i e s and E x p e r i m e n t a l S u p p o r t (E. H u t t e r ) 

a. E x p e r i m e n t a l I r r a d i a t i o n S u b a s s e m b l i e s (O. S e i m and 
E . F i l e w i c z ) 

L a s t R e p o r t e d : A N L - 7 6 3 2 , p . 46 (Oct 1969). 

(i) M a r k - B 6 l B and M a r k - E 3 7 A S u b a s s e m b l i e s . The M a r k - B 6 l B 
and M a r k - E 3 7 A s u b a s s e m b l i e s have b e e n d e s i g n e d to w o r k t o g e t h e r as a p a i r 
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in i r r a d i a t i n g u n e n c a p s u l a t e d fuel e l e m e n t s to l eve l s at which the p o s s i b i l i t y 
of e l e m e n t f a i l u r e ex i s t . The e l e m e n t s can be i r r a d i a t e d to n o r m a l l e v e l s in 
the M a r k B61B. Then , s o m e of the 6l i r r a d i a t e d e l e m e n t s f r o m the s u b 
a s s e m b l y can be i n s t a l l e d into the M a r k E37A for addi t iona l i r r a d i a t i o n to 
the l e v e l s of h i g h e r r i s k . S i m i l a r s u b a s s e m b l i e s a r e being d e s i g n e d for 
u n e n c a p s u l a t e d fuel e l e m e n t s of o t h e r d i a m e t e r s to ex tend th is h i g h - l e v e l -
i r r a d i a t i o n c a p a b i l i t y . 

The M a r k B 6 1 B is d e s i g n e d to t ake 4 0 - i n . - l o n g by 0 . 2 3 0 - i n . -
dia e l e m e n t s to n o r m a l i r r a d i a t i o n l e v e l s . The 4 0 - i n . l ength was s e l e c t e d 
as the m a x i m u m for the h i g h e r - r i s k M a r k - E 3 7 A s u b a s s e m b l y b e c a u s e 
c o l l e c t i o n d e v i c e s m u s t be loca ted above and below the fuel e l e m e n t s . The 
fuel e l e m e n t s in the M a r k B61B a r e at the s a m e v e r t i c a l e l eva t ion as in the 
M a r k E37A. M o s t o t h e r s u b a s s e m b l i e s u s e d for n o r m a l i r r a d i a t i o n l e v e l s 
u s e 6 0 - i n . - l o n g e l e m e n t s , which occupy a l m o s t al l the a v a i l a b l e s p a c e b e 
tween the top end f i x tu re and the l o w e r a d a p t e r . One s u b a s s e m b l y (Mark A) 
u s e s 4 0 - i n . - l o n g e l e m e n t s , but they a r e se t at the h ighes t p o s s i b l e e l eva t i on 
in the s u b a s s e m b l y . A few m o d e l s ( M a r k C and the ex i s t ing M a r k E) u s e a 
s h o r t e r e l e m e n t . 

F i g u r e I .D.I shows the g e n e r a l a r r a n g e m e n t of the M a r k -
B 6 1 B i r r a d i a t i o n s u b a s s e m b l y . E x t e r n a l d i m e n s i o n s a r e iden t i ca l wi th 
t hose of all o t h e r d r i v e r and i r r a d i a t i o n s u b a s s e m b l i e s . The lower a d a p t e r 
fits into the r e a c t o r g r i d - p l e n u m a s s e m b l y and a c c e p t s coolan t f r o m the 
h i g h - p r e s s u r e in le t p l e n u m . An o r i f i ce p l a t e i m m e d i a t e l y above the lo^ver 
a d a p t e r is u s e d to adjus t the coolan t flow to the r e q u i r e m e n t s of the p a r t i c u l a r 
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Fig. I.D.I. EBR-II Mark-B61B Irradiation Subassembly 
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e x p e r i m e n t . The uppe r and lower axia l r e f l e c t o r s r e d u c e the f luence r e 
ceived by the p e r m a n e n t p o r t i o n s of the r e a c t o r v e s s e l . The fuel e l e m e n t s 
extend a s h o r t d i s t a n c e below the c o r e to a c c o m m o d a t e i n s u l a t i n g p e d e s t a l s 
or r e f l e c t o r s e g m e n t s that m a y be u s e d on fuel e l e m e n t s for o t h e r r e a c t o r s . 
The top of the s u b a s s e m b l y s u p p o r t s the u s u a l end f ix tu re u s e d for n o r m a l 
fuel -handl ing p u r p o s e s . 

The M a r k - E 3 7 A i r r a d i a t i o n s u b a s s e m b l y , shown i n F i g . I . D . 2 , 
i s in m a n y r e s p e c t s s i m i l a r to the M a r k B 6 1 B . Again , the e x t e r n a l d i m e n 
s ions a r e iden t ica l wi th those of al l o t h e r d r i v e r and i r r a d i a t i o n s u b a s s e m 
b l i e s . The lower a d a p t e r , o r i f i ce p l a t e , ou t e r hexagona l tube , and top end 
f ixture a r e iden t i ca l to t hose of the M a r k B 6 1 B . The l o w e r ax ia l r e f l e c t o r , 
however , con ta ins a c o l l e c t o r cup to c a t c h any e l e m e n t f r a g m e n t s which 
might d rop downward should a m i n o r e l e m e n t f a i l u r e o c c u r . Sec t ion B - B of 
F ig . I.D.2 shows a t h r e e - p i e c e sec t iona l e n c l o s u r e s u r r o u n d i n g the u n e n c a p 
su la ted fuel e l e m e n t s . T h e s e s e c t i o n s and the s u r r o u n d i n g f i l l e r s t r i p s 
d i r e c t the coolant flow th rough the e l e m e n t s and p r o t e c t the o u t e r hexagona l 
tube. The s t r i p s a r e suppo r t ed on t h r e e s c r e w s , as shown in Sec t . A - A . 
With this sec t iona l a r r a n g e m e n t , the i n t e r i o r hexagona l d i m e n s i o n s can be 
adjusted by r e s i z i n g the s p a c e r but tons p r i o r to p l u g - w e l d f a s t en ing j u s t 
above the bot tom of the e l e m e n t s . Th i s s i ze ad ju s tmen t , if r e q u i r e d , would 
be m a d e before the e l e m e n t s a r e i n s e r t e d into the s u b a s s e m b l y . An u p p e r 
co l lec to r mounted above the e l e m e n t s s e r v e s as a s t r a i n e r to r e m o v e p a r t i 
c les that would o b s t r u c t r e a c t o r coolant p a s s a g e s if an e l e m e n t fa i led . 

TEST ELEMENTS 
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i. Instrumented Subassemblies (E. Hutter and A. Smaardyk) 

a. Test One and Two 

(i) Installation (A. Smaardyk) 

Last Reported: ANL-7640, p, 39 (Nov 1969). 

After the leads of the Test-1 Instrumented Subassembly had 
been severed and its extension tube removed (while the bulk temperature of 
the pr imary sodium was 580°F), the subassembly was t ransferred from the 
reactor vessel to the fuel-unloading machine by normal fuel-handling pro
cedures . The subassembly then was discharged from the fuel-unloading 
machine into an unshielded pipe for protection against the possibility of a 
sodium-air reaction. Subsequent examination of the severed subassembly 
showed that the leads had been cut cleanly and flush with the surface of the 
top end fitting. 

The Test-2 Instrumented Subassembly, which had been 
shipped from Illinois to the EBR-II site in its special shipping container 
(see P r o g r e s s Report for October 1969, ANL-7632, p. 48), was satisfactorily 
checked out. The lower 8 ft of the subassembly then were preheated to 600°F 
in a special furnace (see P r o g r e s s Report for August 1969, ANL-7606, p. 42), 
using a prescr ibed preheating procedure, confirmed previously in the test-1 
installation. After the preheat, the subassembly was t ransferred rapidly to 
the reactor and lowered into the sodium through the No. 6 control-rod pene
tration. About 4 min were required to t ransfer the subassembly from the 
preheater and into the sodium. During that time, the temperatures of the 
capsules in the subassenably decreased from 600°F (in the preheater) to 
545°F just before entering the pr imary bulk sodium, which was at a tempera
ture of 580°F. The temperatures of the capsules were indicated by four 
spacer -wi re and two s t ructural -capsule thermocouples that had been con
nected during the preheating and transfer operation. 

The subassembly and its extension tube initially were held 
60 in. short of the fully inserted position in the bulk sodium. At this point, 
the differential expansion between the internal subassembly coupling and the 
extension tube is compensated within the design range of the support spring 
(see P r o g r e s s Report for June 1969, ANL-7581, p. 49). The subassembly 
was held at the 60-in. position for 5 hr to allow the coupling to heat and 
expand. After the 5 hr, the subassembly was inserted fully. After attaching 
the subassembly to the drive mechanism, a number of raising and lowering 
operations were performed. Sonne increase in push force was indicated over 
the last few inches of the downstroke. This was thought to be due to a hor i 
zontal force at the point where the upper subassembly guide sleeve enters 
the guide thimble. 
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The subassembly installation was completed, the e lec t ro
mechanical interlocks of the drive system were adjusted, and the electr ical 
interlocks with the fuel-handling system were checked out. Approach to full 
reactor power of 50 MWt, conducted according to startup procedures specifi
cally prepared for the Test-2 Instrumented Subassembly, was completed on 
December 18. Only one of the instrument sensors (an outlet coolant thermo
couple) has failed to respond. 

b. Test Three- -PNL-17 

(i) Hydraulic Flowtesting of the Subassembly (J. Poloncsik) 

Last Reported; ANL-7618, p. 30 (Sept 1969). 

Hydraulic flowtests were performed with a flow model of 
the Test-3 Instrumented Subassembly. Using six 0.340-in.-dia inlet orifices 
in the lo"wer adapter, a flo'wrate of 53 gprn ^vas obtained at a total p re s su re 
drop of 39 psig. (These values are for sodium at 800°F, and have been con
verted from the water measurements observed in the flov/ test . ) 

The modified grid assembly (see ANL-7618, p. 30) also 
was tested in the flow loop. This test ran 3 hr, and used a total p re s su re 
drop of 75 psig through the subassembly and a temperature of 150°F. After 
this test, visual examination showed no evidence of gr id-bar deformation or 
weld failure, thus verifying the adequacy of the design. 

(ii) Brazing the Bulkhead of the Subassembly (D. Walker) 

Not previously reported. 

One of three full-size sample bulkheads made to a new 
design was brazed with high-nickel-alloy braze (Coast Metal 60). At the 
brazing temperature, a gradient of 35°C was observed from one side to the 
other. This gradient was caused by the work not being centered in the sus
ceptor, which had warped out of round. The susceptor must be replaced 
because the 35°C gradient is too great to produce a uniform brazed joint 
with this alloy. Coast Metal 60 has a solidus temperature of 1079°C and a 
liquidus temperature of 1135°C, and should be brazed at 1177°C. In the 
sample, the 10 sensor leads on the hot side were brazed at 1175°C and the 
remaining 10 on the other half of the bulkhead were brazed at 1140°C, the 
latter being only 5''C above the liquidus temperature . Going to a higher 
temperature to increase the fluidity is not pract ical when there is much of 
a gradient, because the braze alloys will become very aggressive on the 
hotter side and may cause failure of the sensor lead by melting through the 
cladding or tube wall. 
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C o m p l e t e eva lua t i on of th i s b r a z e has not been c o m p l e t e d ; 
h o w e v e r , v i s u a l l y it a p p e a r s v e r y good. F i g u r e I .D.3 shows the a p p e a r a n c e 
of the s h e a t h e d t h e r m o c o u p l e s f r o m the bo t tom s ide af ter b r a z i n g . E x c e l l e n t 
b r a z e - a l l o y f i l l e t s w e r e ob ta ined inc lud ing that a round the f l u x - m o n i t o r t ube . 

Fig. I.D.3. Closeup of Brazed Thermocouples on Bottom, or Sodium, Side 
of Bulkhead for Test-3 Instrumented Subassembly (2X scale) 

4. Coo lan t C h e m i s t r y (D. W. C i s s e l ) 

a. Sod ium Coolant Qual i ty Moni to r ing and Con t ro l 

L a s t R e p o r t e d : A N L - 7 6 4 0 , pp. 40 -44 (Nov 1969). 

(i) I n - l i ne V a c u u m - d i s t i l l a t i o n Sodium S a m p l e r ( W . H . O l s o n ) 

As r e p o r t e d in A N L - 7 6 4 0 , pp. 43 -44 , a s a m p l e r d e s i g n e d to 
d i s t i l l ~125 g of s o d i u m in l ine has been s u c c e s s f u l l y t e s t e d . The s a m p l e r 
i s i l l u s t r a t e d in F i g . I .D.4 . The b a s i c s e c t i o n s of the s a m p l e r a r e the s t i l l 
( s a m p l e cup) , t r a n s f e r l i ne , c o n d e n s e r , and f r e e z e t r a p . 

The s a m p l e r is f i l led with sod ium to s o m e point in the 
f r e e z e t r a p by evacua t i ng the s a m p l e r and s lowly admi t t i ng s o d i u m at the 
in l e t un t i l it f r e e z e s in the t r a p . All i n t e r n a l s u r f a c e s of the s t i l l , t r a n s f e r 
l i ne , and c o n d e n s e r then a r e f lushed tho rough ly with flowing s o d i u m whi le 
a f r ozen s e a l is m a i n t a i n e d in the f r e e z e t r a p . Sodium is d r a i n e d by p r e s 
s u r i z i n g wi th a r g o n and m e l t i n g the f r e e z e s e a l . The c o n d e n s e r and m o s t 
of the t r a n s f e r l ine a r e d r a i n e d to the s o d i u m out le t l ine ; then the r e m a i n d e r 
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of the t r a n s f e r l ine and the u p p e r p o r t i o n of the s t i l l a r e d r a i n e d to the 
inlet s ide . T h u s , the sod ium leve l is e s t a b l i s h e d in the s a m p l e cup at the 
t ip of the inlet l ine . The c o n d e n s e r then is cooled to s o m e t e m p e r a t u r e 
(210-250°F) above the m e l t i n g point of s o d i u m , the s t i l l i s h e a t e d to the d e 
s i r e d d i s t i l l a t ion t e m p e r a t u r e (650-700°F) , and the sannpler i s e v a c u a t e d to 
~5 m i c r o n s of m e r c u r y . After s o d i u m h a s d i s t i l l e d to the c o n d e n s e r , the 
s a m p l e r is f i l led with a r g o n . If d e s i r e d , the d i s t i l l a t e then nnay be d r a i n e d 
to the out le t . The s a m p l e r is cooled to r o o m t e m p e r a t u r e , and the s a m p l e 
cup is r e m o v e d . 

ARGON/VACUUM 

CONNECTION 

TRANSFER-LIKE 
KEATER 

THERMAL INSULATION 

FREEZE TRAP 

FREEZE-TRAP HEATER 

CONDENSER HEATER 

OVEN (REMOVABLE) 

Fig. I.D.4. In-line Vacuum-distillation Sodium Sampler 
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(ii) Part iculate Matter in the Secondary-sodium Storage Tank 
(W, H. Olson) 

Sodium was drained from the secondary system to the 
storage tank on October 19, 1969, to facilitate system maintenance and 
change during a scheduled shutdown of the reactor . The system was r e 
filled on December 6, 1969, pr ior to plant startup. 

During the period from October 1 9 to December 6, several 
125-g samples of sodium were taken from the storage tank and vacuum-
distilled in line. The distillation residue from three of these samples was 
t reated with aqua regia, and the acid-soluble portion was analyzed for t race 
metals by atomic-absorption spectrophotometry. The acid-insoluble portion 
of the residue was examined by emission spectrography and found to be 
pr imar i ly silica. 

During testing of the in-line distillation unit, five samples 
of secondary sodium were distilled from a single cup without removing the 
cup between samples . At the end of the fifth distillation, the cup was r e 
moved, and the residue was examined. The residue was shiny black and 
ra ther br i t t le . Dispersive X-ray analysis of a portion of the residue indi
cated that it was amorphous. During grinding of the sample for X-ray 
analysis, the shiny black appearance was observed to be only on the surface. 
The interior of the sample appeared white. Spectrographic analysis of the 
residue indicated Na, Si, Mg, and Ca as major; Al and Fe as minor; and Ag, 
B, Cu, Mn, Pb, and Ti as t race components. 

Residue of this kind has not been observed in laboratory 
distillation of sodium taken from the secondary system during normal opera
tion. It is theorized that sediment in the bottom of the storage tank is s t i r red 
up in the process of draining. The sediment then slowly settles out while the 
sodium is stagnant in the tank. This theory is supported by the values for 
calcium and magnesium listed in Table I.D.I. On October 29, approximately 
10 days after the secondary system had been drained to the storage tank, 
concentrations of calcium and magnesium were ~100 times higher than nor
mal . By December 5, one day before the system was refilled, concentrations 
were nearly back to normal . The visible quantity of acid-insoluble residue 
from the samples also was substantially reduced between October 29 and 
December 5. 

TABLE I.D.I. Calcium and Magnesium in Sodium 
from Secondary Storage Tank 

Sample Date Ca (ppm) 

10/29/69 1.7 
11/3/69 0.1 
12/5/69 0.03 

Normal Concentration <0.02 

V 

0 

tg (pp 

1.2 
0.6 
0.05 

.01-0, 

m ) 

03 
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Now that the secondary system has been returned to normal 
operation, additional sanaples will be taken from the system, distilled in 
line, and examined. 

5. Experimental Irradiation and Testing (R. Neidner) 

a. Experimental Irradiations 

Last Reported: ANL-7640, pp. 44-46 (Nov 1969). 

Table I.D.2 shows the status of the experimental subassemblies 
in EBR-II as of December 15, 1969. 

Two new experimental subassemblies were loaded into the 
reactor for the Run-39A startup: X072, containing ANL Series 0-3 mixed-
oxide capsules; and X073, containing PNL Series 6 unencapsulated mixed-
oxide elements. Also loaded was X012A, a reconstituted subassembly 
containing NUMEC mixed-oxide capsules. 

Subassemblies X033 and X044, which had completed their sched
uled irradiations, were removed and sent to the FCF. Subassembly X062, 
which was adjacent to the instrumented subassembly, was removed to the 
storage basket for Run 39A only. Another experimental subassembly (X064) 
was moved from a position near the instrumented subassembly to an equiva
lent position across the core. 

b. Nondestructive Testing Methods (C. L. Livengood) 

New fixtures have been designed and built for handling experi
mental capsules and fuel elements for neutron radiography in TREAT. The 
new fixtures will simplify loading and unloading in the FCF air cell. More 
capsules or elements can be radiographed simultaneously with the new 
equipment. The capability to rotate the elements or capsules while in the 
TREAT radiography facility was incorporated in the design to eliminate the 
need to return them to the FCF air cell for manual rotation. 

6- Materials-Coolant Compatibility (D. W. Cissel) 

a- Evaluation and Surveillance of EBR-II Materials (W. E. Ruther 
and S. Greenberg) 

Last Reported: ANL-7640, pp, 46-49 (Nov 1969). 

(i) Capsule Bodies. Specimens of GE experimental-capsule 
bodies FOE and FOJ were received for electron-microprobe examination. 
Metallography has indicated occasional grain-boundary attack to a depth of 
several grains. 
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TABLE 1.0.2. Status of EBR-II Experimental Irradiations as ot December 15, 1969 Islart of Run 391 

Subassembly 
No. and 

IPositionI 

XG03 
(701) 

XG04 
I7BII 

X018B 
(4E2) 

X020 
16B5I 

X K I B 
(2D If 

X027 
(4B3) 

XO«A 
(2F1I 

X035 
(763) 

X036 
(7E1I 

X038 
(7C5) 

XCMOA 
(5B2) 

X041 
(7A3) 

X043 
I4D2I 

XOSO 
(4C2I 

X051 
(3A2I 

X054 
(4E1) 

X055 
I6A4I 

X056 
(5C2I 

X057 
(2B1I 

X058 
(6F1I 

X059 
(4AI) 

X061 
(7A5I 

X062C 
(6F3I 

X063 
(7F5I 

X064'' 
(4F2) 

X069 
(4FII 

X072 
(6E2I 

X073 
I6C3) 

X012A 
(4B2I 

XXOl^ 
(5F3) 

Dale 
Charged 

7/16/65 

7/16/65 

10/2/69 

1/13/67 

2/23/69 

11/21/67 

9/30/69 

4/13/68 

7/25/68 

5/7/68 

9/30/69 

7/24/68 

2/20/69 

2/23/69 

12/16/68 

3/31/69 

2/23/69 

4/2/69 

2/23/69 

4/24/69 

4/23/69 

4/23/69 

5/23/69 

6/29/69 

5/28/69 

10/1/69 

12/12/69 

12/12/69 

12/12/69 

11/19/69 

Capsule Content and 
(Number of Capsules) 

UO2-20 wt % PuOj 

UO2-20 wt % Pu02 

Structural 
Structural 
Structural 
Structural 

UO^-PuO; 

'U0.8-''U0.2'C 
Structural 
Structural 
Graphite 

Structural 
Structural 

U02-25 wt % Pu02 
Structural 

Structural 
Structural 

Structural 

U02-25 wt % Pu02 

Struclural 

UO2-20 wt % PuO? 
U02-25 wt % PuO? 

Structural 

U02-25 wt % Pu02 

UO2-20 wt % PuO? 
U02-28 wl % PuO? 
UO2-20 wl % PuO? 
'U0.8rPuo.I8'C 
Structural 

UO?-25 wt % PuO? 

UO?-25 wt % PuO? 

(Uo.85-PuO,15'C 

UO?-25 wt % PuO? 

Structural 

UO?-25 wt % PuO? 

UO?-25 wt % PuO? 

Structural 

UO?-25 wt % PuO? 

Magnetic Materials 

U02-25 wt % PuO? 

U02-25 wt % PuO? 

U0?-20 wt % PuO? 
Struclural 

UO?-25 wl % PuO? 

UO2-2O wt % PuO? 

UO? 
Structural 

( 2) 

( 2) 

( 3) 
( 2) 
( 1) 
1 11 

( 91 
( 3) 
1 41 
( 2) 
1 1) 

1 6) 
( t) 

118) 

( 1) 

( 4) 

( 3> 

( 71 

(19) 

( 7) 

(18) 

(16) 

( 7) 

(37) 

(41 
( 4) 
( 5) 
( 2) 
( 4) 

(37) 

1371 

(19) 

(37) 

( 7) 

(37) 

(37) 

( 7) 

(37) 

( 7) 

(19) 

(37) 

(18) 

( 11 

(37) 

(19) 

(161 

( 2) 

E x p e r i 

m e n t e r 

GE 

GE 

GE 

A N L 

A N L 

PNL 

GE 

UNC 

PNL 

ANL 

PNL 

PNL 

PNL 

GE 

PNL 

ORNL 

ORNL 

ORNL 

GE 

INC 

ANL 

GE 

PNL 

GE 

GE 

GE 

ORNL 

W 

GE 

PNL 

PNL 

UNC 

GE 

PNL 

GE 

PNL 

INC 

GE 

ANL 

GE 

PNL 

ANL 

ANL 

PNL 

NUMEC 

ANL 

ANL 

A c c u m u l a t e d 

E x p o s u r e 

(MWd) 

24.910 

26,106 

600 

16,069 

16,240 

7,276 

13,392 

600 

13,184 

10,?90 

12,766 

600 

11,226 

6.506 

6,506 

7,051 

j . 906 

7,276 

5,906 

7,276 

5,330 

5,330 

6.100 

4,198 

3.766 

4,198 

600 

0 
0 

0 

0 

0 
0 

Estimated 
Goal 

Exposure 
(MWdl 

28,700 

45,000 

10,000 

20,400 

23,200 
9,000 

16,000 

3.800 

44,800 

43,300 

17,700 

4.800 

16,700 

11,000 

7,500 

16,400 

10,000 

20,000 

10,600 

15,000 

16,000 

17,500 

18,000 

13,400 

5,400 

10,700 

20,700 

9,200 

29,600 

4,200 

2,700 

0.2 
0.2 

3,0 

0.3 

0.3 
0.3 

3.6 

2.5 

0 + 

B u r n u p ' 

6.4 

6.7 

^ . 8 ^ 
* 5 . 8 f • 

0.2 
0.2 

6.5 
7.1 
4.5 
4.5 
4.5 

. 4.1b . 
3.0 

7.5 
5.3 

+ 4,8" • 
0.3 

3.0 

2.8 

2.7 

* 3.5^- • 
+ 3.4'' • 

2.4 

3.5 

, 7,7b = 
3.5 
3.5 
3.5 

1.4 

3.1 

2.3 

2,9 

3.0 

2.0 

L8 

1.3 

1.8 

0.8 

2.3 

0.2 

0 
0 

0 

10.3^1 -

0 
0 

• 6.0 
• 6.0 

• 7.1 

• 5.1 

• 3.8 
3.7 

11.3 

7.8 

10.3 

3Estimated accumul 1 unperturbed flux (fuels, at. * ; nonfuels, nvt x KT^h 
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Only prel iminary results from FOJ are available. There 
appears to be a very slight increase in carbon in the corroded grain bound
aries but a significant increase in chromium. The scan for oxygen has not 
been completed. One unusual feature of the specimen is the prevalence of 
tiny particles rich in manganese and sulfur. 

(ii) Corrosion Specimens, Spool-type corrosion specimens 
removed from Subassembly XOl 5 exhibited unusually high weight losses . 
For example, two samples of Type 304 stainless steel lost 15.1 and 
6.3 mg/cm in this subassembly as compared with <1 mg /cm for other 
test specimens. The temperatures of the sodiunn contacting the samples 
were calculated as 469 and 455°C, respectively, and the flow rate of the 
sodium was 4 m / s e c . The samples were in the reactor for 29 months, with 
160 EFPD (effective full power days) at 45 MWt and 82 EFPD at 50 MWt. 

Metallography disclosed a few areas of slight surface 
roughening. These areas were examined with the electron microprobe, but 
no change in surface composition was detected. The reason for the higher-
than-normal weight losses rennains unknown. 

Similar spool specimens of Inconel 600, Incoloy 800, and 
Hastelloy-X from the same subassembly also showed unusually high weight 
losses. 

b. Examination of Materials from EBR-II Surveillance 
Subassemblies (S. Greenberg) 

Last Reported: ANL-7640, pp. 49-50 (Nov 1969). 

Table I.D.3 summarizes the results of tensile measurements of 
samples cut from the Type 304 stainless steel graphite-containing cans re 
moved from SURV-2. 

TABLE I.D.3. Tensile Proper t ies^ 
of SURV-2 Graphite-can Material 

Average Range 

Yield Strength, psi 42,500 40,900-44,100 
Ultimate Strength, psi 90,200 87,900-92,400 
Elongation, % 41 37-44 
Reduction Area, % 50 45-56 

^Obtained at strain rate of 0.012 m i n ' ' . 

Tensile properties of the original can mater ia l have not been 
determined. However, comparison of the values in Table I.D.3 with typical 
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values for Type 304 stainless steel shows that very small changes in tensile 
proper t ies resulted from the SURV-2 exposure. The mater ia l is still very 
ductile. 

c. Effect of Interst i t ial Elements in EBR-II Sodium 

Last Reported: ANL-7640, p. 50 (Nov 1969). 

(i) Nitridation of Type 304 Stainless Steel in Sodium 
(T. D. Claar) 

As a conclusion to the h igher- temperature nitriding experi
ments, 18-mil Type 304 stainless steel foils were exposed to 550 and 650°C 
sodium under an A-1.0% N2 cover gas for two weeks. The weight of the foils 
had increased slightly (<0.01 mg/cm^). Microscopic examination of the p r e 
viously electropolished surfaces, which were subsequently exposed to the 
sodium, revealed nitr ide precipitates at the grain boundaries. There were 
no great differences in the appearance of the surfaces of the 550 and 650°C 
specimens. Metallographic examination of t ransverse sections of the two 
specimens revealed slight nitridation at the grain boundaries of the surface 
exposed to sodium. Bulk chemical analysis of the foils indicated that the 
nitrogen content had not increased detectably above the 0.028 wt % found in 
the original mater ia l . 

A 5-mil foil of Type 304 stainless steel is being exposed 
to 371°C (700°F) sodium under the same A-1.0% N2 cover gas. The foil will 
be exposed for at least a month in an effort to determine the nitriding po
tential under conditions s imilar to those found in the EBR-II p r imary tank. 

7. Systenns Engineering (B. C. Cerutti) 

a. Surveillance, Evaluation and Studies of Systems 

Last Reported: ANL-7640, p. 51 (Nov 1969). 

(i) Argon Cooling System of Fuel-unloading Machine 

(a) Modification of Vapor-trap Fil ter (H.W. Buschman) 

The purpose of this modification ^vas to provide a ne^v 
type of filter to improve the performance of the vapor trap in the argon 
cooling systenn (ACS) of the fuel-unloading machine (FUM). Sodium which 
is not caught by this filter collects as an oxide in other f i l ters , the ACS 
turbines, the FUM gripper, and other system components. The original 
filter element became plugged frequently, long before its capacity had been 
reached. Only the first few inches of the 36-in. filter length plugged, r e 
str ict ing flow and forcing replacement of the filter element. 
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A n e w f i l t e r e l e m e n t h a s b e e n d e s i g n e d , p r o c u r e d , a n d 

i n s t a l l e d in t h e e x i s t i n g F U M - A C S . T h e n e w e l e m e n t i s m a d e of s i n t e r e d 

s t a i n l e s s s t e e l t u b e s a n d h a s a f l o w a r e a a p p r o x i m a t e l y 2 5 t i m e s g r e a t e r 

t h a n t h a t of t h e o r i g i n a l f i l t e r , w h i c h w a s m a d e of s t a i n l e s s s t e e l n n e s h . 

A b a f f l e i s p l a c e d a h e a d of t h e f i l t e r e l e m e n t t o a c t a s a s e p a r a t o r f o r r e -

n n o v i n g s u s p e n d e d d r o p l e t s of s o d i u m . A s o d i u m - c a t c h t a n k i s l o c a t e d 

b e l o w t h e v a p o r t r a p a n d c o n n e c t e d t o i t w i t h a 1 - i n . d r a i n l i n e . H e a t e r s 

on t h i s d r a i n l i n e a n d on t h e b a f f l e s e c t i o n of t h e f i l t e r m a i n t a i n t e m p e r a 

t u r e s a b o v e t h e m e l t i n g p o i n t of s o d i u m . S o d i u m c o l l e c t e d b y t h e f i l t e r 

s h o u l d t h e r e f o r e d r a i n i n t o t h e c a t c h t a n k . 

T h e n e w l y i n s t a l l e d v a p o r t r a p w a s o p e r a t e d f o r t h e 

f i r s t t i m e in D e c e m b e r . T h e i n i t i a l ( c l e a n ) p r e s s u r e d r o p a c r o s s t h e 

a s s e m b l y w a s n e g l i g i b l e , a s e x p e c t e d . L o n g - t e r m o p e r a t i n g d a t a a r e n o w 

n e c e s s a r y t o e v a l u a t e t h e p e r f o r m a n c e of t h e n e w t y p e of f i l t e r e l e m e n t . 

8 . R e a c t o r A n a l y s i s , T e s t i n g a n d M e t h o d s D e v e l o p m e n t 

L a s t R e p o r t e d : A N L - 7 6 4 0 , p p . 5 8 - 6 7 ( N o v 1 9 6 9 ) . 

a . F l u x a n d P o w e r C o n t o u r s in a T y p i c a l E B R - 1 1 C o r e L o a d i n g 
( L . B . M i l l e r , R. E . J a r k a , a n d P . F u l l e r t o n ) 

C o m p r e h e n s i v e c o m p u t i n g m e t h o d s n o w r o u t i n e l y o p e r a t i o n a l 
in t h e E B R - I I P r o j e c t h a v e b e e n u s e d t o p r o d u c e a d e t a i l e d m a p p i n g of t h e 
t o p o l o g y of f l ux a n d p o w e r in a t y p i c a l E B R - I I c o r e . 

F i g u r e 1.D.5 i s a c o n t o u r m a p of t h e f a s t f l u x i n R u n 3 2 B a s 

d e t e r m i n e d by a n 84 DSN c a l c u l a t i o n p e r f o r m e d w i t h t h e I B M - 3 6 o / 7 5 a n d t h e 

D O T - 5 c o d e . T h e u s u a l d e t a i l e d c o r e 

g e o m e t r y w a s u s e d i n t h e c a l c u l a t i o n , 

w i t h t h e c o m p o s i t i o n of e a c h s u b a s 

s e m b l y s p e c i f i e d . T h e u s u a l m e s h , w i t h 

f o u r p o i n t s p e r s u b a s s e m b l y , a n d t h e 

u s u a l c r o s s - s e c t i o n s e t 2 3 8 0 6 w e r e 

u s e d i n t h e c a l c u l a t i o n . 

F i g u r e 1 .D.5 i s o r i e n t e d i n t h e 

u s u a l w a y , w i t h s e c t o r B of t h e r e a c t o r 

a t t h e t o p a n d t h e s t a i n l e s s s t e e l d r o p 

r o d a t t h e r i g h t . T w o p e a k s a r e e v i 

d e n t i n t h e f a s t f l u x . H o w e v e r , t h e 

p e a k a t t h e u p p e r l e f t s i d e of t h e c o r e 

c e n t e r i s d u e t o a n e x p e r i m e n t a l -

i r r a d i a t i o n s u b a s s e m b l y c o n t a i n i n g 

u n e n c a p s u l a t e d , h i g h l y e n r i c h e d f u e l 

l o c a t e d a t t h a t p o i n t . T h e p e a k a t t h e 

Fig. I.D.5. Contour Map of Fast Flux in 
EBR-II Run 32B (E > 2.23 MeV) 
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l o w e r r i g h t of the c e n t e r of the c o r e is m o r e r e p r e s e n t a t i v e of the flux 

a s y m m e t r y in the r e a c t o r . T h i s flux p e a k is about 7 c m f r o m the c e n t e r of 

the c o r e . The fas t flux inc ludes a l l n e u t r o n s wi th e n e r g i e s g r e a t e r than 

2.23 MeV. The f i s s ion s o u r c e is n o r m a l i z e d to one n e u t r o n . T h e r e f o r e , 

to obta in the flux at 50 MWt, the flux 

I 

. . i ^ ^ T ^ i ^ ^ ^ ' ' ' 

t i l l 11 

m u s t be m u l t i p l i e d by 1.4 x 10 . 

The l o w - e n e r g y flux shown in 

F i g . I .D.6 inc ludes al l n e u t r o n s wi th 

e n e r g i e s be low 40.9 keV. T h e r e a r e 

four r e g i o n s in the c o r e in which the 

l o w - e n e r g y flux e x c e e d s 6 x 10" . 

With the n o r m a l i z a t i o n shown in the 

f igu re , t h e r e is one point about 7 c m 

f r o m the c e n t e r of the c o r e w h e r e the 

flux e x c e e d s 8 x 10" , and t h e r e a r e 

two po in t s 15 and 3 5 cnn f r o m the 

c e n t e r of the c o r e , r e s p e c t i v e l y , 

w h e r e the flux e x c e e d s 6.8 x 10" . 

M M I I 
.^ •V i ' i ' i ' i 'm 

Fig. I.D.6. Contour Map of Low-energy Flux F i g u r e 1.D.7 i s a c o n t o u r m a p 
in EBR-U Run 32B (E < 40.9 keV) of t h e n e u t r o n - e m i s s i o n r a t e . T h i s 

m a p i s v e r y n e a r l y t h e s a m e a s a 

p o w e r - d i s t r i b u t i o n m a p , d i f f e r i n g o n l y b e c a u s e v i s a f u n c t i o n of n e u t r o n 

e n e r g y of f i s s i o n a n d i s d i f f e r e n t f o r d i f f e r e n t f i s s i l e i s o t o p e s . T h e a s y m 

m e t r y e v i d e n t i n t h e f i g u r e i s d u e t o 

a s y m m e t r y of t h e f l u x a n d v a r i a 

t i o n s i n t h e e n r i c h m e n t of t h e v a r i o u s 

e x p e r i m e n t a l - i r r a d i a t i o n s u b a s s e m 

b l i e s in t h e c o r e . T h e p e a k a b o v e 

a n d t o t h e l e f t of t h e c o r e c e n t e r , i n 

p a r t i c u l a r , i s d u e t o t h e l a t t e r e f f e c t . 

E x c e p t f o r t h i s p o i n t , t h e p e a k p o w e r 

i s n e a r t h e c e n t e r of t h e r e a c t o r , 

w i t h t h e f u e l e l e m e n t i n p o s i t i o n 2 E 1 

p r o d u c i n g s l i g h t l y m o r e p o w e r t h a n 

t h e c e n t r a l d r i v e r s u b a s s e m b l y . 

F i g u r e I . D . S s h o w s t h e 

p o w e r a l o n g t h e l i n e t h r o u g h t h e c e n 

t e r of t h e c o r e f r o m b o t t o m to t o p , 

a n d F i g . I . D , 9 s h o w s t h e p o w e r a l o n g 

t h e l i n e t h r o u g h t h e c e n t e r of t h e 

c o r e f r o m l e f t t o r i g h t . T y p i c a l l y , c o r r e s p o n d i n g s u b a s s e m b l i e s o n o p p o s i t e 

s i d e s of t h e c o r e c e n t e r v a r y in p o w e r p r o d u c t i o n b y a b o u t 5%. B l a n k e t s u b 

a s s e m b l i e s o n o p p o s i t e s i d e s of t h e c o r e v a r y in p o w e r b e t w e e n 5 a n d 1 0 % . 

Fig. I.D.V. Contour Map of Rate of Fission-
neutron Emission in EBR-II Run 32B 
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EXPERI
MENTAL 
(X044 ) 

HALF-
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ORIVER 

EXPERI
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(X«OB) 
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Fig. I.D.8. Power along X-coordinate 21 in EBR-II Run 32B 

EXPERI
MENTAL 
(X003) 

EXPERI
MENTAL 
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EXPER 
MENTAL 
( X O I t ) 

EXPER^ I 
MENTAL 
(XOIZ ) 

EXPERh 
MENTAL 
{X016L 

' COOROtNATE 

Fig. I.D.9. Power along Y-coordinate 21 in EBR-II R"" ""^^ 
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F i g u r e I .D.I 0 shows the ^U 

Fig. I.D.IO. Contour Map of 235u Microscopic 
Fission Rate in EBR-II Run 328 

n n i c r O S c o p i c - f i s s i o n - r a t e c o n t o u r s . 
S ince the m i c r o s c o p i c f i s s ion r a t e 
is the i n t e g r a l of the e n e r g y - d e p e n d e n t 
flux and f i s s ion c r o s s s e c t i o n s , m u c h 
of the spa t i a l f luctuat ion ev iden t in the 
d e t a i l e d g roup f luxes is e l i m i n a t e d in 
th is i n t e g r a t e d quan t i ty . S o m e a s y m 
m e t r y , h o w e v e r , s t i l l i s ev iden t in 
th i s quant i ty . 

The contour m a p s for each 
quant i ty show a t endency to be c i r 
c u l a r n e a r the c e n t e r and to a s s u m e 
the hexagona l shape of the c o r e n e a r 
the c o r e - b l a n k e t i n t e r f a c e be tween 
Rows 6 and 7. 

b . T e m p e r a t u r e D i s t r i b u t i o n in a M e c h a n i c a l l y Mixed Oxide F u e l 
(R. K. Lo ) 

A t r a n s i e n t - h e a t - t r a n s f e r c o m p u t e r code (THTB) was u s e d to 
d e t e r m i n e the t e m p e r a t u r e d i s t r i b u t i o n in h e t e r o g e n e o u s UOj-PuO^ fuel for 
the c a s e of a p o w e r e x c u r s i o n following the hypo the t i ca l i n s e r t i o n of a c e n t r a l 
E B R - I I d r i v e r - f u e l s u b a s s e m b l y into a j u s t - c r i t i c a l c o r e . The r e a c t o r was 
a s s u m e d to be t r i p p e d on a 7 . 5 - s e c p e r i o d . The fuel rod c o n s i d e r e d was 
0.25 in. in d ianne te r , the c ladd ing was 0.015 in. th ick , the PuO^ p a r t i c l e s 
w e r e 20 jU in s i z e , and the UOj p a r t i c l e s w e r e 500 fi. The con tac t conduc t 
ance b e t w e e n PuOz and UOj p a r t i c l e s was t aken as 4000 B t u / h r - f t ^ - ° F , and 
tha t b e t w e e n the UO2 p a r t i c l e s and the c ladding as 1500 B t u / h r - f t ^ - ° F . The 
l i n e a r hea t g e n e r a t i o n was I6 kW/f t . 

A s s u m i n g that the fuel was l o c a t e d in Row 1 and tha t , for con 
s e r v a t i s m , a l l u r a n i u m w a s "*U, the r e l a t i v e power dens i t y in the p l u t o n i u m 
was c a l c u l a t e d to be 74.2%, and tha t in the uraniunn to be 25.8%. (The volu
m e t r i c h e a t g e n e r a t i o n of P u O j p a r t i c l e s was 4.695 x 10^ B tu /h r - f t ^ , and 
tha t of UO2 p a r t i c l e s was 1.633 x 10* B t u / h r - f t ^ . ) 

By u s e of the p o w e r t r a c e shown in F i g . I . D . l l (as compu ted 
wi th the AIROS I I -A code) and p h y s i c a l da ta out l ined above as input to the 
T H T B code , the t e m p e r a t u r e d i s t r i b u t i o n in the PuOz and UO2 p a r t i c l e s was 
ob t a ined . The c a l c u l a t e d v o l u m e - w e i g h t e d a v e r a g e t e m p e r a t u r e s a r e shown 
in F i g . I .D .12 . F o r th i s c a s e , the v o l u m e - w e i g h t e d t e m p e r a t u r e of PuOz 
i s a l m o s t the s a m e as that of the UOj. 
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NOTE: REACTOR ASSUMED 
TO BE TRIPPED ON 
7.5-sec PERIOD 

J L 

a a. 

1 1 1 

-

l l l l 

0 PuOg 

A U02 

-

1 \ N O T E : REACTOR ASSUMED 

\ TO BE TRIPPED 

\ ON 7 .6 -sec PERIOD 

1 1 1 1 1 i 1 
80 100 
TIME, sec 

Fig. I.D.ll. Power Excursion Following a Postulated 
Insertion of a Central Driver-fuel Sub
assembly into a Just-critical EBR-II Core 

Fig. I.D.12. Calculated Transient Average Tempera
ture for a Power Excursion Following a 
Postulated Insertion of a Central Driver-
fuel Subassembly into a Just-critical 
EBR-II Core 

c. Deve lopment of the M E L T - I I Code (R. Shum) 

Compi la t ion of the M E L T - I I code for the I B M - 3 6 0 / 7 5 s y s t e m 
has been comple ted , and fu r the r t e s t i n g of the p r o g r a m is u n d e r way. The 
FORTRAN V language , such as the " r educ ing do l o o p , " h a s been changed 
back into the FORTRAN-IV v e r s i o n . The n a m e - l i s t input u s e d in adapt ing 
the or ig ina l code to the UNIVAC 1108 c a u s e d p r o b l e m s wi th the 360 /75 
because of the ambigu i ty of the IBM s y s t e m / 3 6 0 F O R T R A N - I V language 
manua l . However , that n a m e - l i s t input now has been adap ted s u c c e s s f u l l y 
into the IBM 36o/75 s y s t e m . The input for M E L T - I I code in the IBM 360 
s y s t e m cons i s t s of four di f ferent c a r d t y p e s : 

C a r d 1: 80 c o l u m n s of H o l l e r i t h i n fo rma t ion , which 
will a p p e a r as the run t i t le at the top of 
each page of output . 

&NAM ( s t a r t i n g in co lumn 2). C a r d 2 

DATA CARDS All da ta a r e input in the n a m e - l i s t f o r m a t . 
E a c h c a r d wil l be s t a r t e d in co lumn 2, and 
c o m m a s will be p l a c e d be tween al l e n t r i e s . 

CARD N: &END (column 2). 

N a m e - l i s t input a p p e a r s to be a v e r y conven ien t way of r e a d i n g 
in data . Changes in a s t a n d a r d da ta deck can be a c c o m p l i s h e d by s i m p l y 
naming, in any o r d e r . 
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Conversion to the IBM 360 system is more difficult than con
version to any CDC computer system. Even though the IBM 36o/75 version 
of MELT-II is compiled, all subroutines encounter a lot of system e r r o r s 
such as OC4 and divide-check. These systenn e r r o r s can be detected only 
one at a time; therefore, cleanup effort has to be done in a s tep-by-step 
nnanner and from subroutine to subroutine. Two nnachine-language sub
routines in the UNIVAC 1108 system that were used as drum storage for 
tempera tures in the original MELT code still have to be modified for the 
IBM 360 disk-s torage divide operation system. It appears that the MELT-II 
code will be productive in IBM 360/75 systems as soon as those two sub
routines can be modified. 

d. Current-col lapsed Transport Cross Sections (D. Meneghetti 
and K. E. Phillips) 

The collapse of fine-group t ransport cross sections at spatial 
mesh intervals to obtain sets of coarse-group, spatially dependent t ransport 
c ross sections can in some cases result in negative values near the locale 
of interfaces.* This occurs because the fine-current solutions used as the 
weighting factors can be both inwardly and outwardly directed within a 
coarse-group energy interval. For example, this phenonnenon can occur in 
the coarse-group energy interval from 40.7 to 67.0 keV for the case of an 
EBR-II type core surrounded radially by a nickel-r ich reflector. In this 
case, negative values of coarse-group t ransport cross sections occur in the 
reflector within a distance of about 2 cm from the interface. This coarse -
energy interval comprised 29 of the fine-energy intervals of the collapsing 
fine-group solutions. 

To determine whether the negative coarse-group t ransport cross 
sections at the intervals of interest could be circumvented, this coarse group 
was subdivided into two and four smaller coarse intervals having approxi
mately equal le thargies . For this example, it was found that division of the 
coarse -energy interval into four smaller coarse-energy intervals resulted 
in removal of the negative t ransport cross sections for the mesh intervals 
concerned. At one of these mesh points, for example, the four values a re 
2.03, 0.28, 0.49, and 0.52 cm" ' , respectively, when moving from high to low 
energy through the reference coarse-energy interval. For comparison, the 
negative value for the coarse-energy interval was -0.16 cm" . 

e. F l o w C a l i b r a t i o n of E x p e r i m e n t a l S u b a s s e m b l i e s Us ing A r g o n 
as the Mode l ing F l u i d (A. G o p a l a k r i s h n a n ) 

W a t e r has been the only m o d e l i n g fluid u s e d so far in E B R - I I for 
c a l i b r a t i n g a s ing l e s u b a s s e m b l y . The da ta f r o m the w a t e r c a l i b r a t i o n can 

*Meneghetti, D., and Phillips, K. E., Fine-spectral Interface Effects of Resonance Scattering upon Multigroup 
Cross-section Averaging, Trans. Atii. Nucl. Soc. 11, 205 (1968). 
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be translated easily into equivalent sodium data valid under reactor oper
ating conditions, and the availability of adequate coolant-flow rates for the 
subassembly thus can be verified pr ior to loading. 

Some experimental subassemblies are disassembled for interim 
examination at regular intervals of irradiation. After inspection, they are 
reassembled and returned to the reactor . Under such c i rcumstances , it is 
highly desirable that provision be made for flow testing the subassembly 
before each reloading to confirm that adequate sodium flow will be available 
to it during the ensuing irradiation period. Because of the residual radio
activity of the subassembly, such tests are made in shielded areas within 
the Fuel Cycle Facility where introduction of water loops is undesirable. 
Therefore, it has become necessary to investigate the applicability of an 
inert gas such as argon as the modeling fluid. 

In applying the calibration data based on water to predict sodium 
flow rates, both water and sodium justifiably are assumed to be incompress
ible. Under this assumption, the frictional p ressure drop in both systems 
can be shown to have similar power-law dependencies on the mass flow rate 
of the fluid. Prel iminary calculations relating to flow modeling with gas had 
shown that variation of gas density from inlet to outlet could cause appre
ciable changes in this relationship, especially at low system pressu res and 
high mass flow ra tes . Any residual heating that may be present in the sub
assembly tends to increase this effect. 

A complete analysis of flow modeling with gas is possible only 
through the solution of the coupled conservation equations of continuity, 
momentum, and energy and of the equation of state. For one-dimensional 
flow of argon through a heat-generating subassembly, this set of equations 
has been solved with the I B M / 3 6 0 Continuous System Modeling P rogram 
(CSMP). Results show that approximately 95% of the total p r e s su re drop 
is due to friction and that most of the remaining 5% is due to acceleration 
of the gas s tream. It is also found that in the range 2 x 10^ S Re S 6 x 1 O* 
for Reynolds numbers and for inlet gas p re s su res higher than 100 psia. the 
frictional pressure drop still has a single power-law dependence on the 
mass flow rate, very much similar to that obtained for the case of water. 
Thus, it seems possible that argon at P^^ a 100 psia can be used as modeling 
fluid to predict the flow rates of sodium through experimental subassemblies. 

Experiments are planned to obtain test data using argon and 
water and the same subassembly. The validity of the present analysis can 
be ascertained by noting how closely the analysis will predict the water data 
when the argon test data is used as input information. 

-̂ Thermal-Hydraulics Code for EBR-II (J. L. Gillette) 

An additional orificing option has been added to the SNAFU code. 
This option allows a specified coolant mass flow rate for each subassembly 
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to be r e a d into the code and the s y s t e m t e m p e r a t u r e s to be d e t e r m i n e d 
a c c o r d i n g l y . With th i s opt ion it is now p o s s i b l e to a n a l y z e a g r e a t e r n u m b e r 
of c o n d i t i o n s wi th in the r e a c t o r , inc lud ing tha t of p a r t i a l l y b locked flow wi th in 
a s u b a s s e m b l y . With the t h r e e o r i f i c i ng op t ions now in SNAFU ( i . e . , o r i f i c i ng 
to a u n i f o r m c o o l a n t - o u t l e t t e m p e r a t u r e , o r i f i c ing to a unifornn nnax imum 
c ladd ing t e m p e r a t u r e , and o r i f i c i n g to a spec i f i ed flow d i s t r i b u t i o n ) a long 
wi th the nnethod of p o w e r a l l o c a t i o n d e s c r i b e d in the P r o g r e s s R e p o r t for 
N o v e m b e r 1969 (ANL-7640 , pp . 65 -66 ) , a l l the s ign i f i can t s t e a d y - s t a t e 
t h e r m a l - h y d r a u l i c cond i t i ons o c c u r r i n g in the r e a c t o r can be a n a l y z e d 
t h r o u g h the u s e of t h i s code . 

g. BOW-V P r o g r a m (D. M o h r ) 

T h e p r o b l e m of BOW-V n o n c o n v e r g e n c e a t c e r t a i n p o w e r l e v e l s 
a p p a r e n t l y h a s been e l i m i n a t e d . S e v e r a l t e s t r u n s a r e being m a d e for 
v e r i f i c a t i o n . 

h. T w o - d i m e n s i o n a l A n a l y s i s of Z P R - 3 A s s e m b l y 5 (B. R. Sehgal 
and J . E . Su l l ivan) 

T h i s w o r k is an e x t e n s i o n of tha t r e p o r t e d e a r l i e r in the 
P r o g r e s s R e p o r t for S e p t e m b e r 1969 (ANL-7618 , pp . 51-54) , w h e r e r e s u l t s 
of c a l c u l a t i o n s wi th t h r e e d i f fe ren t c r o s s - s e c t i o n s e t s for a o n e - d i m e n s i o n a l 
s p h e r i c a l m o d e l of Z P R - 3 A s s e m b l y 5 w e r e c o m p a r e d . 

The s p h e r i c a l m o d e l of an ac tua l c y l i n d r i c a l a s s e m b l y is b a s e d 
on the s h a p e - f a c t o r c o r r e c t i o n d e r i v e d fronn a c o r r e l a t i o n of shape f ac to r 
v e r s u s the c o r e L / D r a t i o and s i z e . Th i s c o r r e l a t i o n , b a s e d on s o m e c a l 
c u l a t i o n s * and s o m e e x p e r i m e n t s wi th c o r e s wi th d e p l e t e d - u r a n i u m b l a n 
k e t s , * * is not a funct ion of e i t h e r the c o r e c o m p o s i t i o n o r the b l anke t 
c o m p o s i t i o n . Z P R - 3 A s s e m b l y 5 h a s a l o w e r - d e n s i t y b l anke t s a n d w i c h e d 
b e t w e e n the c o r e and the d e p l e t e d - u r a n i u m b l anke t . A t w o - d i m e n s i o n a l 
a n a l y s i s for t h i s a s s e m b l y h a s been m a d e . 

T h e d i m e n s i o n s and c o m p o s i t i o n s for th i s a s s e m b l y w e r e o b 
t a i n e d f r o m s o m e e a r l y u n p u b l i s h e d Z P R - 3 m e m o r a n d a . The c o m p o s i t i o n 
and g e o m e t r y u s e d in c a l c u l a t i o n s for the t h r e e - r e g i o n c y l i n d r i c a l r e a c t o r 
a r e shown, r e s p e c t i v e l y , in T a b l e I .D.4 and F i g . I . D . 1 3 . The e q u i v a l e n t 
c o r e r a d i u s w a s i n c r e a s e d by =0.23 c m to a c c o u n t for h e t e r o g e n e i t y , c e n t e r -
gap, and i r r e g u l a r - b o u n d a r y c o r r e c t i o n s , r e s p e c t i v e l y , of + 4 . 1 , - 0 . 6 5 , and 
-0 .1 kg to the m e a s u r e d c r i t i c a l m a s s . 

*Loewenstein, W. B., and Main, G. W., Fast Reactor Shape Factors and Shape-dependent Variables, 
ANL-6403(Nov 1961). 

••pavey, W. G., k Calculations for 22 ZPR-3 Fast Reactor Assemblies Using ANL Cross-section Set 635. 
ANL-6570 (May 1962). 
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TABLE I.D.4. Composi t ion for 2 P R - 3 A s s e m b l y 5 ( a t o m s / b a r n - c m ) 

I s o t o p e 

Z35u 

" « U 
234u 

Al 

F e 

C r 

N i 

M n 

R e g i o n 1 

( c o r e ) 

0 . 0 0 6 7 2 7 

0 . 0 0 7 5 7 6 

0 . 0 0 0 0 6 9 
0 . 0 1 9 0 1 9 0 

0 . 0 0 7 7 1 2 

0 . 0 0 1 9 1 8 

0 . 0 0 0 8 3 9 
0 . 0 0 0 0 8 0 

R e g i o n 2 

( l i g h t b l a n k e t ) 

0 . 0 0 0 0 3 8 4 

0 . 0 1 9 0 5 6 

N o n e 

0 . 0 1 4 6 5 8 

0 . 0 0 4 5 3 9 

0 . 0 0 1 1 2 9 
0 . 0 0 0 4 9 4 

0 . 0 0 0 0 4 7 

( d e p l 

R e g i o n 3 

e t e d - U b l a n k e t ) 

0 . 0 0 0 0 8 9 

0 . 0 4 0 0 2 6 

N o n e 

0 . 0 0 1 3 5 9 

0 . 0 0 4 5 3 9 

0 . 0 0 1 1 2 9 
0 . 0 0 0 4 9 4 

0 , 0 0 0 0 4 7 

56 44 

3 18 

2042 

t 

DEPLETED-UfiiNIU 

LIGHT BLANKET 

CORE 

— 21 99—J 

ALL DIMENSIONS IN Cm 

BLANKET 

T h e 26 b r o a d - g r o u p i s o t o p e c r o s s 

s e c t i o n s f o r t h e t h r e e r e g i o n s w e r e d e r i v e d 

f r o m s e p a r a t e r u n s w i t h t h e M C ^ c o d e , * 

u s i n g t h e E N D F / B d a t a a n d t h e a c t u a l c o m 

p o s i t i o n s of t h e r e g i o n s . T h e c r o s s s e c t i o n s 

f o r t h e c o r e r e g i o n w e r e c a l c u l a t e d a t t h e 

c r i t i c a l b u c k l i n g , a n d t h o s e f o r t h e l i g h t 

b l a n k e t a n d t h e d e p l e t e d - u r a n i u m b l a n k e t 

w e r e c a l c u l a t e d f o r B^ 0 . 0 2 c m " 

Fig. 1.D.13. Geometry for R-Z Calcula
tion of ZPR-3 Assembly 5 

T h e r e a c t i v i t y c a l c u l a t i o n s w e r e 

m a d e in R - Z g e o m e t r y w i t h t h e D O T t r a n s 

p o r t c o d e * * in t h e S2 a n d S4 a p p r o x i m a t i o n s , 

a n d w i t h t h e A r g o n n e c o d e D I F 2 D , ^ w h i c h 

d o e s a d i f f u s i o n - t h e o r y c a l c u l a t i o n . 

T a b l e I . D . 5 g i v e s t h e c a l c u l a t e d v a l u e s f o r kgff. D i f f u s i o n t h e o r y 
g i v e s a v a l u e of kgff = 2 . 9 5 % l o w e r t h a n t h a t g i v e n b y t h e t r a n s p o r t S4 c a l c u 
l a t i o n ; t h e 82 keff v a l u e i s h i g h e r b y = 1 . 3 5 % t h a n t h e S4 v a l u e . T h e c a l c u l a t e d 
v a l u e w i t h t h e S4 a p p r o x i m a t i o n i s = 1 . 2 7 % h i g h e r t h a n t h e m e a s u r e m e n t . 
A s i m i l a r d i f f e r e n c e w a s o b t a i n e d f o r t h e c a l c u l a t e d r e a c t i v i t y of Z P R - 3 
A s s e m b l y 6 F , u s i n g t h e E N D F / B c r o s s s e c t i o n s . 

TABLE I .D.5. Calcula ted Values of k^fj for Z P R - 3 A s s e m b l y 5 

Type of Calculat ion •^eff 

% Ak with R e s p e c t 
to Value Ca lcu la ted 

by T r a n s p o r t S4 

T r a n s p o r t 2D R - Z S4 Approx imat ion 1.01266 
Transpo r t 2D R-Z Sj Approximat ion 1.02617 
Diffusion 2D R-Z g 98320 

0.0 
+1.351 
-2 .946 

** 
* ANL'-7318' ' " '^'^°' ^ ' '"• •'"" ° ' ^ ^ " ' ° ' ^" '^^^' ^ ^°^<' ' ° Calculate Multigroup Cross Sections. 

I ^ r " ' ' ^' "•' ° ° ^ ' -̂  Two Dimensional Discrete Ordinate Code. Report K-1694, Radiating Shielding 
Information Center, Oak Ridge National Laboratory. Also see ANL-7513. p. 50 (Oct 19681 . • —• £,- ^ . ^m>i ia i uduu idLUiy , rtlSO s e e AJNL-70 I 
Toppel. B. J.. Argonne Reactor Computation System. ANL-7332 (1967). 
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T a b l e I .D.6 shows the c a l c u l a t e d and m e a s u r e d r e s u l t s for the 

r a t i o of ^'*U f i s s ion and c a p t u r e and of ^'''U f i s s ion and ^ ' ' P u f i s s ion to tha t 

of U f i s s ion at the c o r e c e n t e r . The c a l c u l a t e d r e s u l t s a r e in fa i r a g r e e 

m e n t wi th the m e a s u r e m e n t s excep t for the ^^^U fis/^^^U f i s s ion r a t i o . T h i s 

d i s a g r e e m e n t m a y be e i t h e r due to e r r o r s in the E N D F / B ^ ' ' ' U f i s s ion c r o s s 

s e c t i o n s or to d i s c r e p a n c i e s in the e x p e r i m e n t . 

T A B L E I .D .6 . C a l c u l a t e d and M e a s u r e d F i s s i o n 

and C a p t u r e Ra t ios for Z P R - 3 A s s e m b l y 5 

Ra t io to " ' U F i s s i o n C a l c u l a t e d M e a s u r e d 

"^U F i s s i o n 

" ' U C a p t u r e 

" ^ U F i s s i o n ^ 
239-D TT-

P u F i s s i o n 

0.0714 

0.1089 

0.4499 

1.1952 

0.0741 ± 0.0015 

0.107 ± 0.004 

0.56 ± 0.01 

1.243 ± 0.015 

^Another m e a s u r e m e n t wi th an a b s o l u t e coun te r gave a 

va lue of 0.40 for the "^U f i s / " ^ U f i s s ion r a t i o . 
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Fig- I.D.14. Relative 235u and 238u Axial Fission 
Rates for ZPR-3 Assembly 5 

c h a n g e i s i n t h e c a l c u l a t e d U f i s s i o 

t h e r e s u l t s of t h e t w o - d i m e n s i o n a l c a 

h i g h e r v a l u e s in c o m p a r i s o n w i t h t h e 

c o n s i s t e n t w i t h t h e s u s p i c i o n t h a t t h e 

E N D F / B d a t a f i l e a r e h i g h . * * 

a n d U f i s s i o n - a c t i v i t y d i s t r i b u t i o n s 

a l o n g t h e Z a x i s of t h e a s s e m b l y c a l 

c u l a t e d in t h e S4 p r o b l e m a n d c o m 

p a r e s t h e m w i t h t h e m e a s u r e d v a l u e s 

a s r e p o r t e d b y L o n g e t a l . * T h e 

g e n e r a l a g r e e m e n t i s e n c o u r a g i n g . 

H o w e v e r , t h e m e a s u r e m e n t s f o r t h e 

^^^U f i s , s i o n a r e h i g h e r b y 1 0 t o 3 0 % 

_ i n t h e r e g i o n of t h e l i g h t b l a n k e t . 

A c o m p a r i s o n of t h e t w o -

d i m e n s i o n a l c a l c u l a t i o n s d e s c r i b e d 

h e r e w i t h t h e o n e - d i m e n s i o n a l c a l 

c u l a t i o n s r e p o r t e d e a r l i e r i n A N L - 7 6 1 8 

s h o w s l i t t l e c h a n g e i n t h e kgff a n d t h e 

f i s s i o n a n d c a p t u r e r a t i o s . T h e m a j o r 

n d i s t r i b u t i o n i n t h e b l a n k e t r e g i o n s ; 

I c u l a t i o n s s h o w l o w e r r a t h e r t h a n 

m e a s u r e m e n t s . T h i s b e h a v i o r i s 

U i n e l a s t i c c r o s s s e c t i o n s in t h e 

* Long, J. K., et al., "Fast Neutron Power Reactor Studies with ZPR-III," Proceedings of the Second Geneva 
Conference 12, 119 (1958). 
Zolotar, B. A., Sehgal, B. R., and Kallfelz, J. M., Fast Reactor Integral Studies of Modifications to 
ENDF, B 238u Inelastic Scattering, Trans. Am. Nucl. Soc. 12, 743(1969). 
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9. D r i v e r Fue l Deve lopmen t (C. M. W a l t e r ) 

a. High Burnup E n c a p s u l a t e d I r r a d i a t i o n s (W. N. Beck ) 

L a s t Repo r t ed : A N L - 7 6 4 0 , pp . 68-70 (Nov 1969). 

(i) P o s t i r r a d i a t i o n Annea l ing T e s t s of E n c a p s u l a t e d M a r k - I A 
E l e m e n t s BF02 and B F 0 3 . E l e m e n t s BF02 and BF0 3 w e r e i r r a d i a t e d to a 
ca lcu la ted 3.7 at . % burnup at m a x i m u m c ladding t e m p e r a t u r e s of 494°C. 
They a r e being sub jec ted to p o s t i r r a d i a t i o n t e s t s and d e s t r u c t i v e e x a m i n a 
t ions . E l e m e n t BF02 was p o s t i r r a d i a t i o n annea l ed at 500°C, and E l e m e n t 
BF03 at 450°C. Both exhibi ted c ladding f a i lu re du r ing the a n n e a l s . The 
fa i lu res w e r e longi tudinal sp l i t s in the c ladding , each ~ l / 4 in. long and 
located axia l ly ~ l / 4 in. below the fuel r e s t r a i n e r s . They t en t a t i ve ly a r e 
a t t r ibu ted to e x c e s s i v e p l e n u m p r e s s u r e s due to a h ighe r effect ive p l e n u m 
t e m p e r a t u r e dur ing the p o s t i r r a d i a t i o n t e s t than that e x p e r i e n c e d du r ing 
i r r a d i a t i o n . 

A t r a n s v e r s e m e t a l l o g r a p h i c sec t ion th rough the f a i l u r e in 
E l emen t B F 0 3 , as seen in F i g . I .D .15 , shows the c ladding s e p a r a t e d f rom the 
fuel. The thinning of the c ladding ind i ca t e s that the Type 304L s t a i n l e s s 
s tee l has r e t a ined a d e g r e e of duc t i l i ty . The fuel does not show a tendency 
to expand in the d i r ec t i on of the b r e a k . 

15X 

Fig. I.D.15. Transverse Section of Element BF03 
Showing Cladding Fracture Experienced 
during Postirradiation Annealing Test 
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b. Fuel and Cladding Surveillance 

Last Reported: ANL-7640, pp. 70-73 (Nov 1969). 

(i) Post i r radiat ion Analysis of EBR-II Fuel (J. P . Bacca, 
A. K. Chakraborty, and G. C. McClellan) 

AEC-RDT approved the ANL proposal to increase the 
maximum allowable burnup limit of low-swelling (high-silicon) EBR-II 
dr iver fuel from 1.5 to 1.8 at. %. This higher-burnup limitation became 
effective for the fuel at the s tar t of reactor Run 39. 

(ii) Metallographic Examination of Irradiated Types 304 and 
304L Stainless Steel (R. V. Strain) 

Samples of Type 304 stainless steel capsule tubing from 
several experiments and of Type 304 stainless steel cladding from several 
driver-fuel subassemblies were examined metallographically to determine 
if the micros t ruc ture of the mater ia ls had been affected as a result of r e s i 
dence in the reactor or postirradiation sodium-removal operations. 

Samples of capsule material which had been irradiated to 
about 3 x 1 0 nvt (total fluence) in two incremental steps were examined. 
These capsules also had been subjected to two sodium-removal operations, 
one after each increment of irradiation. The samples of driver-fuel cladding 
were from controlled-flow, 70%-enriched, and extended-burnup subassem
blies. The samples from the extended-burnup subassembly had been i r r ad i 
ated to the highest fluence to date for adr iver-fuel subassembly (2.3 x 10^^ nvt 
total fluence). The other samples were from Wriver-fuel elements which had 
been i r radiated to ~1.5 at. % (1.8 x 10^^ nvt total fluence) burnup under condi
tions simulating 62.5-MWt reactor operation. 

None of the sainples examined exhibited any evidence of 
grain-boundary attack or cracking. The samples, however, did exhibit the 
usual sensitization (precipitation of carbides at the grain boundaries). As 
expected, the sensitization was nnost severe in the regions of maximum 
temperature and fluence. The regions near the bottoms of the capsules and 
elements (the regions of low temperature and low fluence) exhibited little or 
no sensitization. 

The double sodium removal from the sensitized capsule 
tubing caused no observable changes in micros t ruc ture which could be 
attributed to the reactor coolant sodium or to the sodiunn-removal opera
tion. The micros t ruc tures of the driver-fuel cladding which had been i r r a 
diated at the higher temperature and fluence were very similar to those 
observed previously of normal driver elements. Again, there were no 
effects that could be attributed to the reactor coolant sodium or to the 
sodium-removal operation. 
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E. EBR-II--Fuel Fabrication 

1. Cold Line Operations (D. L. Mitchell) 

Last Reported: ANL-7640, pp. 78-80 (Nov 1969).* 

a. Cold-line Production and Assembly 

Cold-line production of Mark-IA fuel elements was concluded at 
the end of December, and production equipment was placed on a standby 
basis. However, the cold line will continue to fabricate nonirradiated sub
assemblies and will complete the impact bonding of the unbonded vendor 
elements. Future plans include the post-bonding reclamation heat t rea t 
ment of vendor-fabricated elements. Table I.E.I summarizes the production 
activities for November 16 through December 15, 1969, and for the year. 

TABLE I.E.I. Production Summary for FCF Cold Line 

Alloy-preparation runs 
New fuel 
Remelts 

Total 

Injection-casting runs 

Pins processed 
Accepted 
Rejected 

Elements welded 

Elements rewelded 

Elements Ieaktested 
Accepted 
Rejected 

Elements tjondtested 
Accepted 
Rejected 

Subassemblies fabricated (cold-line fuel) 

Bonded elements received from vendor 
Inspected and accepted 
Inspected and rejected 

Unbonded elements received from vendor 
Impact bonded, inspected, and 

accepted by ANL 
Impact bonded, inspected, and 

rejected by ANL 

Subassemblies fabricated (vendor fuel) 

11/16/69 thro 
12/15/69 

fWark IA 

0 
0 
0 

7 

693 
43 

266 

0 

264 
3 

265 
11 

0 

0 
0 
0 

2,649 

0 

0 

1"! 

ugti 

Mark II 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 

0 
0 

0 

Total 

This Year 

fVlark IA 

11 
18 
29 

46 

4,452 
162 

4,599 

0 

4,470 
97 

4,288 
423 

37 

24,31311 
23,62ll'.': 

1,251'' 

11,853>1 

1,979 

190 

17' 

Mark II 

8 
3 

11 

10 

941 
53 

884 

69= 

804 
21 

934 
9 

6 

Total elements available for subassembly fabrication as of 12/15/69 
Col(]-line fuel 

Mark IA ]_524 
Mark II '334 

Vendor fuel (Mark lAI 22 523^ 

' S ^ h " " ' ' " ' ^ " ' ' ' " " ^ ' ^ ^ ' ' ^ " ^ ' s ^ f ^ ' i a ^ o n 0* weltfs indicated that they were not acceptable for potentially 
nign-burnup experiments, •• !• j 

^Total includes figures for 1968. 

' i ^ n l ' h t V r ' . M . ' r " " " ^ ' ' ^ " ' ' ' ' " ' ' " " ^ '° '"'"^°' ' °^ '^"""'^ '0 co^''^* ™ids in sodium bond and after rework 
sent back to ANL for reinspection. 

OTen unbonded vendor elements were set aside for historical samples 
Subassembly contains mixture of ANL-impac(-bonded vendor elements and cold-line elements 
includes subassemblies made up of a mixture of vendor and cold-line fuel elements 

^inis figure does not include vendor elements ttiat were impact bonded by ANL 

This activity previously was reported under Operations--Fuel Cycle Facility. 
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One Mark-IA subassembly containing a mixture of ANL 
impact-bonded vendor fuel elements and of cold-line-produced fuel elements 
was fabricated in the cold line during the month. 

An additional 2649 unbonded fuel elements were received this 
month from the Aerojet-General Corporation (AGC) for impact bonding; 
none of these were impact bonded during the month. All the unbonded ele
ments (11,853) now have been received. Data relating to their receipt, im
pact bonding, and acceptance are summarized in Tabfe I .E.I . 

All as-fabricated fuel elements to be procured from AGC have 
been received and inspected by ANL. The current number (as of 
December 15, 1969) of AGC elements available after verification inspec
tion is 22,523 (this figure does not include the ANL-impact-bonded vendor 
elements). A summary of the data relating to receipt and acceptance of the 
fuel produced by AGC is included in Table I .E.I . 

F. EBR-II--Operations 

1. Reactor Plant (G. E. Deegan) 

Last Reported: ANL-7640, p. 78 (Nov 1969). 

After the tes t -2 instrumented subassembly was inserted in the r e 
actor [see Sect. I.D.3.a.(i)], its operation was functionally checked. The 
steam system was hydrostatically tested, and the pr imary tank was cooled 
to 350°F in preparation for filling the secondary system. Checks were 
made of the tes t -2 instrumentation at 350°F. 

The secondary and steam systems were heated to 350°F, the sec
ondary system was filled, and all systems then were heated to 580°F. The 
flow instrumentation of the secondary system was calibrated with all sys
tems isothermal. A load test of the 100- and 400-kW diesel generators was 
conducted. After heating the pr imary- tank bulk sodium to 700°F, flow 
calibrations of the pr imary system and tests of the pump controller were 
completed. All protective interlocks were checked, and fuel handling for 
Run39A was begun. During preparations for fuel handling, control rod 
No. 9 could not be released from its drive. The drive was partially dis
assembled, and the necessary adjustments of the jaw drive were made. 

When fuel handling was finished, there was a test of timed rod drops 
and a further check of the instrumented-subassembly instrumentation. 
During the heatup, the indication from one of the outlet coolant thermo
couples of the test-2 subassembly was lost. 

The reactor was started up on December 15, but was shut down again 
for a reactivity adjustment. After the reactor had been res tar ted , the control 
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rods w e r e c a l i b r a t e d . R o d - d r o p exper i iments then w e r e p e r f o r m e d at 
500 kW, and r e a c t o r power was i n c r e a s e d i n c r e m e n t a l l y with e x t e n s i v e 
mon i to r ing of the t e s t - 2 i n s t r u m e n t e d s u b a s s e m b l y a t e a c h 5-MWt p o w e r 
level be tween 10 and 50 MWt. The t e s t - 2 i n s t r u m e n t a t i o n r e s p o n d e d n o r 
mal ly except that t e m p e r a t u r e s \vere lower than p r e d i c t e d . 

A rap id shutdown of the r e a c t o r was r e q u i r e d when the s t e a m s e a l 
r egu la to r for the m a i n tu rb ine a p p a r e n t l y fai led to function n o r m a l l y . The 
r egu la to r p r o b l e m was c o r r e c t e d , and the r e a c t o r was r e t u r n e d to 50 MWt. 

Fue l handling dur ing th is p e r i o d c o n s i s t e d of the i n s t a l l a t i o n of the 
t e s t - 2 i n s t r u m e n t e d s u b a s s e m b l y and the loading changes for Run 39A. 
These changes involved e x p e r i m e n t a l s u b a s s e m b l i e s , as r e p o r t e d unde r 
Section I .D.5.a, and a l s o inc luded the following: 

T h r e e spent d r i v e r s u b a s s e m b l i e s w e r e r e p l a c e d , and the t h r e e c o r e 
d u m m i e s which had been i n s t a l l ed in the g r i d at the beginning of the m a i n 
tenance pe r iod w e r e r e p l a c e d with d r i v e r s u b a s s e m b l i e s . F i v e of t he se s ix 
d r i v e r s u b a s s e m b l i e s conta ined vendor fuel which had been i m p a c t bonded. 
One of the five was a con t ro l l ed - f low s u b a s s e m b l y . One M a r k - I I s u r v e i l l a n c e 
s u b a s s e m b l y , the 70%-enr iched s u r v e i l l a n c e s u b a s s e m b l y , and the u p p e r -
l e a k y - w e l d - t e s t s u b a s s e m b l y w e r e r e m o v e d to the s t o r a g e b a s k e t . 

The r e a c t o r was o p e r a t e d for 170 MWd be tween s t a r t u p for Run 39A 
through D e c e m b e r 20, b r ing ing i ts c u m u l a t i v e o p e r a t i o n a l to ta l to 30,210 MWd. 

2- Fuel Cycle Fac i l i t y (M. J . F e l d m a n ) 

a. Fue l Handling and T r a n s f e r (P . F i n e m a n ) 

Las t Repor ted : ANL-7632 , p . 93 (Oct 1969). 

A s u m m a r y of fue l -handl ing o p e r a t i o n s is inc luded in Table l . F . l , 
and IS for the pe r iod s ince o p e r a t i o n s in the a i r ce l l and a r g o n ce l l w e r e r e 
sumed following comple t ion of the w o r k p r o g r a m in the a i r ce l l [ s ee 
Section I .F .2 .c . ( i ) , be low] . 

TABLE l.F.l. Summary of FCF Fuel Handling 

12)9/69 tbrougn 12/15)69 

Subassembly Handling 

Subassemblies received from reactor 
Driver fuel fall types) i 
Experimenlal i 
Otber Iblanket) Q 

Subassemblies dismantled for surveillance, 
examination, or shipment to experimenter' 

Driver fuel Q 
Experimental • ^ 
Other Iblanket) Q 

Driver-fuel elements to surveillance o 
Number from subassemblies g 

Subassemblies transferred to reactor 
Driver fuel Q 
Experimental . 

file:///vere


TABLE l.F.l (Contd.l 

12/9/69 tt>rough 13/15/69 

Fuel-alloy and Waste Stiipments 

Cans to burial ground 

Skull oxide and glass scrap to ICPP 

Recoverable luel alloy to ICPP 
Fuel elements 
Subassemblies 
Nonspecification material 

1 (17.59 kg of alloyi 33 (557.Z9 kg ol alloy) 
17 (88.75 kg ol alloyi 
5 (84,3 kg of alloyi 

b . E x p e r i m e n t a l Suppor t ( j . P . B a c c a , N. R. G r a n t , V. G. E s c h e n , 
R. V. S t r a in , J . W. R i z z i e , and C. L. M e y e r s ) 

L a s t R e p o r t e d : A N L - 7 6 4 0 , pp. 81-84 (Nov 1969). 

The following e x p e r i m e n t a l - i r r a d i a t i o n s u b a s s e m b l i e s w e r e 
f a b r i c a t e d dur ing the mon th and w e r e m a d e up of new c a p s u l e s or e l e m e n t s : 

Subassembly No. 

X072 

X073 

X074 

Type of 
Irradiation 

Subassembly 

Mark A19 

Mark H37 

Mark H37 

Capsule or Element 
Content {and nunnber) 

ANL mixed U-Pu oxides 
(18) and structural (1); 
all capsules 

PNL Series 6 mixedU-Pu 
oxides (37); all elements 

PNL Series 8 mixed U-Pu 
oxides (37); all elements 

c. R e a c t o r Suppor t 

L a s t R e p o r t e d : A N L - 7 6 4 0 , pp . 84-85 (Nov 1969). 

(i) A i r - c e l l E n t r y (N. R. G r a n t ) 

The e n t r y to the a i r c e l l of the F u e l Cyc le F a c i l i t y to p e r 
f o r m con tac t m a i n t e n a n c e and r e p a i r s of r e m o t e l y i n a c c e s s i b l e e q u i p m e n t 
and to i n s t a l l new i n - c e l l e x a m i n a t i o n equ ipmen t and s e r v i c e s w a s s u c 
cess fu l ly c o m p l e t e d d u r i n g the m o n t h . C o m p l e t i o n of a l l s c h e d u l e d i t e m s 
a s we l l a s s e v e r a l con t ingency i t e m s was a c c o m p l i s h e d . All w o r k , i nc lud 
ing d i r e c t c l eanup , w a s c o m p l e t e d in 30 work ing d a y s , m o s t l y on a t w o - s h i f t 
b a s i s . No p e r s o n n e l a c c i d e n t s or i n j u r i e s w e r e s u s t a i n e d , and no one r e 
ce ived g a m m a - r a d i a t i o n d o s a g e s in e x c e s s of the m a x i m u m spec i f i ed for a 
c a l a n d a r - q u a r t e r p e r i o d . 

The m a i n e n t r y door to the a i r c e l l w a s c l o s e d on 
D e c e m b e r 9, and w o r k i m m e d i a t e l y r e t u r n e d to n o r m a l , r e m o t e - h a n d l i n g 
o p e r a t i o n s . O p e r a t i o n s within the a r g o n ce l l a l s o w e r e begun . 
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3^ 

The University of Wisconsin. 

One of a series of "blueback" topical reports prepared by the EBR-11 Project. 
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Analys is of Recen t D o s i m e t r y E x p e r i m e n t s in E B R - I I 
J. R. Madel l , N. D. Dudey, R. R. H e i n r i c h , and R. E. J a r k a 

p. 939 

React iv i ty Effects in C r i t i c a l F a c i l i t i e s due to F i s s i l e I so tope D e c a y 
R. G. Matlock, R. E. K a i s e r , and J. M. G a s i d l o 

p. 652 

C o m p a r i s o n of Mult iple F o i l and T i m e - o f - F l i g h t N e u t r o n F l u x S p e c t r a 
in a B a r e U A s s e m b l y 

W. N. M c E l r o y , * R. J. A r m a n i , and E. Toch i l i n** 
p. 757 

R e s o n a n c e - S c a t t e r i n g Effects in N i c k e l - and S t e e l - R e f l e c t e d E B R - I I 
Type Sys t ems 

D, Meneghet t i and K. E. Ph i l l i p s 
p. 692 

Spec t r a l Effects in Liquid Meta l F a s t B r e e d e r R e a c t o r T r a n s i e n t s 
D. A Meneley and K. O. Ott"'" 

p. 706 

* 
Battelle Northwest Laboratory. 
U.S. Naval Radiological Defense Laboratory. 

^Purdue University. 
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M e a s u r e d F a s t - N e u t r o n S p e c t r a af ter Ref lec t ion of F i s s i o n S o u r c e 
N e u t r o n s f r o m a S i x - I n c h - T h i c k Stee l Slab 

W. M e y e r * and G. G. S imons 
p. 960 

A s y m m e t r y and Loca l D i s t o r t i o n s of the F lux due to G r o s s H e t e r o 
g e n e i t i e s in E B R - I I 

L. B. M i l l e r and R. E. J a r k a 
p. 772 

B i l i n e a r Weight ing of C r o s s Sec t ions for Group Col l aps ing and Cel l 
H o m o g e n i z a t i o n in T r a n s p o r t Ca lcu la t ions 

R, B. N icho l son 
p. 731 

N e u t r o n E n e r g y S p e c t r a for F a s t R e a c t o r I r r a d i a t i o n Effects 
D. Okren t , J . M. Kal l fe lz , W. B. L o e w e n s t e i n , A. D. R o s s i n , 
A. B. Smi th , and B. A. Zo lo t a r 

p. 701 

Ca l cu l a t i on of H e t e r o g e n e i t y Effects in Z P R - T y p e R e a c t o r s 
A. P . Olson and J. M. S tevenson 

p. 625 

An I m p r o v e d Defini t ion of the B r e e d i n g Rat io for F a s t R e a c t o r s 
K. O. Ott 

p. 719 

Ex tended E q u i v a l e n c e be tween Homogeneous and H e t e r o g e n e o u s 
R e s o n a n c e I n t e g r a l s in Slabs 

J. P . P l u m m e r and R. G. P a l m e r 
p. 625 

C o m p a r i s o n of P r o t o n - R e c o i l P r o p o r t i o n a l Coun te r and T i m e - o f - F l i g h t 
N e u t r o n S p e c t r u m M e a s u r e m e n t s in a ^^^U-Fueled F a s t R e a c t o r 

J, E. P o w e l l 
p. 712 

Ana lys i s of G r a p h i t e Dens i ty Reac t iv i ty M e a s u r e m e n t s in Z P R - 3 , 
A s s e m b l y 53 

S. R a m c h a n d r a n and R. G. P a l m e r 
p. 691 

N u c l e a r Manpower for the Ut i l i t i es 
A. D. R o s s i n and K. L. Voigt** 

p. 801 

A V e r t i c a l A s s e m b l e r - D i s m a n t l e r for the F u e l Cycle F a c i l i t y 
W. L, S a l e s , D. L. Mi tche l l , J . R. White, and J. P . S i m o n t 

p. 843 

Kansas State University. 
**American Nuclear Society, Hinsdale, Illinois. 

•fNational Accelerator Laboratory. 
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A Simple Analyt ic R e p r e s e n t a t i o n of F a s t R e a c t o r S p e c t r a 
M. Segev 

p. 640 

Core Componen ts T e s t Loop (CCTL) Ope ra t i ng E x p e r i e n c e 
F . Smith , R. H. A r m s t r o n g , R. A. J a r o s s , E. L. Kimont , and 

L. H. Bohne 
p. 609 

M e a s u r i n g Reac t ion Ra tes in H e t e r o g e n e o u s F a s t - R e a c t o r Ce l l s 
G. S. Stanford, C. E. Ti l l , and W. R. Rob inson 

p. 715 

P r e l i m i n a r y Des ign of the Hot F u e l E x a m i n a t i o n F a c i l i t y ( H F E F ) 
N. J. Swanson, K. R. F e r g u s o n , J. F . L i n d b e r g , D. P . M i n g e s z , 
R. C. Watson, and J. R. White 

p. 853 

EBR- I I S u b a s s e m b l y Coo lan t -Ou t l e t T e m p e r a t u r e M e a s u r e m e n t 
W. R. Wallin, F . D. McGinn is , J . F . Koenig , and V. G. E s c h e n 

p. 806 

P r e d i c t i o n of Wall and End Effects in P r o t o n - R e c o i l S p e c t r o m e t e r s 
T. J. Yule and E. F . Bennet t 

p. 517 

F a s t Reac to r In t eg ra l Studies of Modif ica t ions to E N D F / B ^ ' ^ U Ine las t i c 
Sca t t e r ing 

B. A. Zo lo ta r , B. R. Sehgal , and J . M. Kal l fe lz 
p. 743 
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II. OTHER FAST REACTORS--OTHER FAST BREEDER • 
REACTORS--FUEL DEVELOPMENT 

A. Irradiation Effects, Mechanical Proper t ies and Fabrication 

1. Mechanical Proper t ies of Cladding Materials (F. L, Yaggee) 

Not previously reported. 

The hardware necessary for performing creep experiments with 
austenitic stainless steel specimens during cyclotron irradiation is nearing 
completion. The design is a modification of sinnilar equipment used to per 
form creep tests in flowing sodium. This equipment will be assembled and 
proof-tested by establishing creep curves for austenitic stainless steel at 
temperatures and s t resses that will be used in the cyclotron experiments. 

Fifty, 0.007-in.-thick, austenitic stainless steel (Type 304) specimens 
have been completed for use in the cyclotron creep experiments. The 
specimen mater ia l came from the sanne source as that used in the EBR-II 
control-rod thimble recently given a postirradiation examination.* 

2. Void-formation Modeling (S. D. Harkness) 

Last Reported: ANL-7595, pp. 97-100 (July 1969). 

The model for void formation has been improved. A separate expres
sion for the nucleation rate of intersti t ial dislocation loops has been included. 
In previous work the temperature dependence of loop nucleation was assumed 
to be the same as for void nucleation. The new derived expression permits 
calculation of the activation energy for loop formation in te rms of the line 
energy of the new dislocation, the stacking-fault energy, and the energy 
related to the supersaturation of inters t i t ia ls . For low stacking-fault energy, 
the activation energy Ej^ is expressed as 

F u V 
L 36 RT{p/M.£n Ni/NiO)' 

This leads to a nucleation rate 

I, = K exp [^1(^.1.-^V,L)^L' 

*Carlander, R., Harkness, S. D., and Yagee, F. L., Fast-neutron Effects on Type 304 Stainless Steel, 

J. Nucl. Appl. Technol. 2(1). 67-75 (July 1969). 
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w h e r e 

I , = loop n u c l e a t i o n r a t e , # / c m ^ s e c ; 

k = cons t an t ; 

T J = the i n t e r s t i t i a l v a c a n c y flux to a c r i t i c a l l y s i z e d loop . 
i , L ' v , L 

The r e su l t i ng p r e d i c t e d void v o l u m e s a r e p r e s e n t e d a s a funct ion of 
t e m p e r a t u r e and fluence in F ig . I I . A . l . The e x a c t pos i t ion of the t e m p e r a 

t u r e m a x i m u m is qui te s e n s i t i v e to the f o r m of 
the t e r m for loop n u c l e a t i o n r a t e . B e c a u s e of 
the obvious c r u d e n e s s involved in th i s c a l c u l a 
t ion , the p r e d i c t e d t e m p e r a t u r e of m a x i m u m 
void v o l u m e is va l id only to about ±50 C. 

R e c e n t w o r k h a s a l s o i n d i c a t e d the 
i m p o r t a n c e of s e p a r a t i n g the effects of n e u t r o n 
flux and length of e x p o s u r e when e x p e r i m e n t a l 
m e a s u r e m e n t s of void n u m b e r dens i t y and s i ze 
a r e r e p o r t e d . 

To da te m o s t e x p e r i m e n t a l da ta on 
swel l ing in the U.S. have been g a t h e r e d f r o m the 
ax ia l guide t h i m b l e s . F l u e n c e d e p e n d e n c e a t 
cons tan t t e m p e r a t u r e h a s been s t u d i e d by us ing 
the s e c t i o n s of the t h i m b l e be low and above the 
c o r e , which a r e a t roughly 371 and 460°C, 
r e s p e c t i v e l y . In such a s tudy , one is r e a l l y 
inves t iga t ing the effect of a flux p ro f i l e a t a 
cons tan t t i m e of e x p o s u r e . F o r t h e s e cond i t ions 
the m o d e l p r e d i c t s ( see F i g . II .A.2) tha t the void 

number densi ty should i n c r e a s e roughly l i n e a r l y wi th the flux, whi le the void 
s ize (see F ig . II.A.3) r e m a i n s n e a r l y c o n s t a n t for t e m p e r a t u r e s be low 
600°C. These p r e d i c t i o n s c o r r e l a t e we l l wi th r e s u l t s ob ta ined at ORNL.* 

IRRADIATION TEMPERATURE, X 

Fig. I I .A . l . 

The Predicted Effect of Fluence and 
Irradiation Temperature on the 
Void Volume in Type 304 Stain
less Steel. 

Fo r i r r a d i a t i o n c a r r i e d out a t cons t an t flux for v a r y i n g l eng ths of 
t ime , it is p r e d i c t e d that the void nunnber dens i ty s a t u r a t e s a f t e r r a t h e r 
shor t exposu re s (for i r r a d i a t i o n t e m p e r a t u r e s in e x c e s s of 400°C), and tha t 
the ave rage void s ize should show a s t eady i n c r e a s e wi th t i m e . T h u s , it i s 
impor tan t to s e p a r a t e flux and t i m e when e x p e r i m e n t a l i n f o r m a t i o n on void 
s ize and number dens i ty is r e p o r t e d . 

''Bloom, E. E., and Stiegler, J. P., Recent Observations of Irradiation Induced Void Formation in Austenitic 
Stainless Steel, Trans. Am. Nucl. Soc. 12(2), 589 (Dec 1969). 
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NEUTRON FLUENCE « 1 0 

NEUTRON FLUX » 10 n/cm 

34 oe I.Z 16 20 24 
NEUTRON FLUX K l o " n/cm^sec 

Fig. n.A.2 

The Predicted Effect of Neutron 
Flux on the Void Number Density 
in Type 304 Stainless Steel for a 
Constant Time Exposure 

Fig. II.A.3 

The Predicted Effect of Neu
tron Flux on the Void Size 
of Type 304 Stainless Steel 
fot a Constant Time Exposure 

PUBLICATION 

Effect of Defec t s on the Rup tu r e Duct i l i ty of T y p e - 3 0 4 S t a i n l e s s S tee l Tubes 
u n d e r B i a x i a l Load 

F . L . Yaggee and I . - C . Wang 
T r a n s . A m . N u c l . Soc . 12(2), 570 (Nov 1969) A b s t r a c t 
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III. GENERAL REACTOR TECHNOLOGY 

A. Applied and Reactor Physics Development 

1. Theoretical Reactor Phys lcs - -Research and Development 

a. Theoretical Reactor Physics 

(i) Reactor Computations and Code Development (B. J. Toppel) 

Last Reported: ANL-7640, pp. 88-91 (Nov 1969). 

(a) Reactor Computation System. Problems were run with 
module STP006 to test the one-dimensional perturbation capability with r e 
spect to changes in isotopic cross sections and changes in the chi matr ix of 
a composition. 

One batch of problems was run with use of an isotopic 
cross-section set, ARC.JM31F, in which fissionable isotopes have different 
chi vectors. Isotopes subscripted with "B" have one chi vector while iso
topes subscripted with "C" have a different chi vector, the set chi. The 
problems were run for a parallelepiped reactor described in Tables III,A.l 
and III.A.2, and perturbations in isotopic cross sections and chi vectors were 
considered. Because composition 3 is composed of isotopes with different 
chi vectors it has a chi matrix. A criticality search resulted in a cr i t ical 
half-height of 92.03078 cm (the extrapolation distance was taken to be 16 cm). 
Thus the extrapolated critical reactor was nearly cubical. 

TABLE III.A. 1. Unperturbed Configuration 

Volunne 
Region -"(̂ outer (^m) Composition Material^ Fract ion 

1 10 1 

2 60 2 

3 80 3 

110 4 RI 1.0 

B l 
B2 

C l 
CZ 

B l 
B2 
C l 
0 2 

1.0 
1.0 

1.0 
1.0 

0.7 
0.7 
0.3 
0 .3 

^See Table III. A. 2. 
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T A B L E III.A.2, Isotope Makeup of M a t e r i a l s 

M a t e r i a l Isotope Cone Isotope Cone Isotope Cone 

B l F e B 0.03 Ni B 0.003 Cr B 0.006 

Na B 0.006 

B2 U-235 B 0.000025 U-238 B 0.01 

C l F e C 0.03 Ni C 0.003 C r C 0.006 

Na C 0.008 

C2 U-235 C 0.00004 U-238 C 0.008 P u - 2 3 9 C 0.0013 

RI F e R 0.04 Ni R 0.004 Cr R 0.008 
Na R 0.01 

T h e d e s c r i p t i o n of t h e p r o b l e m a n d t h e c o m p a r i s o n of 

t h e r e s u l t s of o n e - d i m e n s i o n a l p e r t u r b a t i o n , t w o - d i m e n s i o n a l p e r t u r b a t i o n , 

a n d o n e - d i m e n s i o n a l d i f f u s i o n c a l c u l a t i o n s a r e g i v e n i n T a b l e I I I . A . 3 . T h e 

d i f f u s i o n c a l c u l a t i o n s w e r e r u n w i t h v e r y t i g h t c o n v e r g e n c e c r i t e r i a s o 

t h a t k w a s c o m p u t e d w i t h e i g h t - f i g u r e a c c u r a c y . F r o m T a b l e I I I . A . 3 i t i s 

s e e n t h a t t h e a g r e e m e n t b e t w e e n t h e d i f f u s i o n a n d p e r t u r b a t i o n c a l c u l a t i o n s 

i s e x c e l l e n t e x c e p t f o r c h a n g e s i n v o l v i n g t h e t r a n s p o r t c r o s s s e c t i o n a n d 

t h e e l a s t i c - s c a t t e r i n g t r a n s f e r c r o s s s e c t i o n . In a g r e e m e n t w i t h e a r l i e r 

c o m p u t a t i o n s , t h e r e i s s l i g h t l y b e t t e r a g r e e m e n t w i t h d i f f u s i o n c a l c u l a t i o n 

w h e n l e a k a g e e f f e c t s a r e c a l c u l a t e d u s i n g 6 D = D / D I ( D ' - D) r a t h e r t h a n 

6 D = D ' - D . 

T A B L E III .A. 3. C o m p a r i s o n of O n e - d i m e n s i o n a l Dif fus ion , O n e - d i m e n s i o n a l 
P e r t u r b a t i o n , and T w o - d i m e n s i o n a l P e r t u r b a t i o n C a l c u l a t i o n s fo r 

C h a n g e s of I s o t o p i c C r o s s S e c t i o n and Ch i V e c t o r 

I so top i 

u - 2 3 5 
U - 2 3 5 
U - 2 3 8 
U - 2 3 8 
P u - 2 3 9 
P u - 2 3 9 
Na 
N a 
N a 
N a 
Na 
Se t Chi 
Set C h i 
Se t Ch i 
U - 2 3 5 
U - 2 3 5 

B 
R 
B 
R 
C 
C 
C 
C 
C 
C 
C 

R 
B 

0^ 

Of 
Of 

Oc 
l̂ Of 
vai 

atA&D^) 
Otr(6Di) 
ayUi) 

ayo,) 

X 
X 
X 
X 

G r o u p 

F r o m 

1 
22 

1 
22 

1 
5 
1 
1 
5 
5 

5-7 
1 
5 
5 
5 
1 

s 

T o 

22 
22 
22 
22 
22 

5 
22 
22 

5 
5 

6 - 8 
22 

5 
7 
7 

22 

F a c t o r 

1.15 
1,75 
1 003 
1,0075 
1,0002 
1.1 
1.01 
1.01 

6 
6 
7 

1.0004 
1.01 
1.004 

20 
1.1 

A k / k ^ 

ID Diff 

- 1 . 2 9 5 
- 1 . 7 9 0 
- 1 . 4 9 6 
- 1 . 4 6 2 

1.739 
1.304 
1.581 
1.581 
1.186 
1.186 

- 1 . 2 5 8 
3 .943 
1.684 

2 .824 
8.100 
2 .029 

10-^ 

ID P e r t 

- 1 . 2 9 6 
- 1 . 7 9 6 
- 1 . 4 9 8 
- 1 . 4 6 5 

1.739 
1.304 
1.317 
1.315 
1.360 
0 .974 

- 1 . 3 8 0 
3 .943 
1.684 

2 .824 
8 .034 
2 .028 

2D P e r t 

- 1 . 2 9 6 

- 1 . 7 9 6 
- 1 . 4 9 7 
- 1 . 4 6 3 

1.739 
1.304 
1.045 
1.044 
1.126 
0 .809 

- 1 . 3 8 0 
3 .942 
1.684 

2 ,824 
8 ,033 
2 ,028 
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P r o b l e m s w e r e a l s o r u n to t e s t the o n e - d i m e n s i o n a l 
p e r t u r b a t i o n module with r e s p e c t to p e r t u r b a t i o n s of the n e u t r o n s o u r c e 
induced by changes in i so top ic chi m a t r i c e s . F o r t h e s e p r o b l e m s the 
26-group , Bonderenko , i so top ic c r o s s - s e c t i o n se t , XS233.D1R, w a s u s e d . 
The r e a c t o r was chosen to be a t w o - r e g i o n s p h e r e wi th c o m p o s i t i o n s 
shown in Table III .A,4. The ou te r r a d i i for c r i t i c a l i t y w e r e ob ta ined f r o m 
a s e a r c h within which the m e s h was changed . 

TABLE III.A.4. Description of Critical Spherical Reactor 
for Perturbations of Isotopic Chi Matrix 

Region Radius (cm) Composition Isotope Concentration 

22.594 U-235 
U-238 

Al 
Ni 
Cr 
Fe 

0.006727 
0.007576 
0.019019 
0.000839 
0.001918 
0.007712 

55.094 U-235 
U-238 

Al 
Ni 
Cr 
Fe 

0.000089 
0.040026 
0.001359 
0.000049 
0.001129 
0.004539 

The d e s c r i p t i o n of the p r o b l e m s and the c o m p a r i s o n 
between the r e s u l t s of o n e - d i m e n s i o n a l p e r t u r b a t i o n and one -d innens iona l 
diffusion ca lcu la t ions a r e given in T a b l e I I I .A,5 . The c r o s s - s e c t i o n se t 
has an energy s t r u c t u r e such that n e u t r o n s a r e b o r n in g r o u p s 1-11 and a 
neut ron can induce f i s s ion of U-238 only when in g r o u p s 1-5. In the f i r s t 
four p r o b l e m s se l ec t ed e l e m e n t s of the chi m a t r i x for U-235 w e r e m u l t i 
plied by the factor f. In the fifth p r o b l e m , e l e m e n t s of the chi m a t r i x for 
U-238 for s o u r c e n e u t r o n s a p p e a r i n g in g r o u p s 12-18 w e r e m a d e n o n z e r o . 

TABLE III.A.5. Comparison of the Results of Perturbation and 
Diffusion Computations for Changes of Isotopic Chi Matrix 

in a Two-region Spherical Reactor 

Isotope 

U-235 
U-235 
U-235 
U-235 
U-238 
U-238 

Matrix 
for 

Absorpt: 

1-26 
1-26 
3-6 
3-6 
1-5 
6-10 

Perturbed 
Gro 

ion 

lups 

Source 

1-11 
3-6 
I - l l 
3-6 

12-18 
1-26 

f Xij 

1.0005 
1.0006 
1.001 
1.002 

0.005 
0.00025^ 

Ak/k^ , lo-" 

Diffusion Perturbation 

1.707 
1.332 
1.505 
1.466 
1.701 
1.531 

1.708 
1.332 
1.505 
1.466 
1.702 
1.532 

f2{ = 0.1 was added in groups 6-10. 
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In the last problem, neutron-induced fission reactions for U-238 were added 
in groups 6-10 and the chi matr ix was changed so that source neutrons 
appear in all groups. For all six problems the agreement between per turba
tion and diffusion calculations is excellent, as the discrepancies are less 
than 0.1%. 

(b) MC^ Capability in the ARC System. The effort to 
variably dimension the a r rays in modules CSIOOl, CSCOOl, CSC002, and 
CSC003 by the incorporation of BP^ilNTER into their s t ructure is almost 
complete. Only a small portion of module CSC003 still remains to be 
debugged. The reliability of these modules has been tested by problems 
involving both fine- and ultrafine-group calculations. 

Consideration is being given to the computing time used 
by various areas within each of the modules representing the MC capability 
in ARC. What is desired is to reduce the computing time without compro
mising the accuracy or flexibility of the current MC^ capability. Improve
ment in the running time can be realized by improved program techniques 
in the existing code and by appropriate changes or relaxation in the rigor 
of the algori thms. 

Examples of computing time comparisons for the 
various a reas in MC^ calculations in ARC are given in Table III.A.6. The 
timings were obtained from problems run on the current production version 
of the MC^ capability in ARC. For these timing comparisons, the MC 
calculation has been divided into four categories, each representing an ARC 
module, as indicated in Table III.A.6. The four modules have been broken 
down into calculational a r e a s . The time in seconds is listed for each area 
in the module. The total time listed for each module includes the t ime for 
each area in the module plus any overhead, e.g., subroutine linkage t ime 
and printout t ime. The number in parentheses is the percentage of the 
problem run time spent in the module. The sum of the t ime spent in each of 
the four modules equals the total charge time for the calculation, e.g., CPU 
time plus wait t ime. At first glance the total run time for each problem 
seems large, but one must keep in mind that these problems have more 
mater ia ls and more Legendre treatment of mater ia ls than a "typical" 
problem. The t imes listed a re for a calculation using three different 
options: as an all-fine-group PI problem, as an ultrafine-group PI problem, 
and as an ultrafine-group consistent PI problem. All three problems 
contained eighteen mater ia l s , consisted of 27 broad energy groups, and had 
an energy range from 10 MeV to 22,6 eV. The fine-groupproblem consisted of 
52 fine groups, the ultrafine problems of 1560 ultrafine groups. For the 
ultrafine-group calculations, oxygen, sodium, iron, nickle, chromium, and 
molybdenum were treated as Legendre mater ia l s . 

Fifteen unresolved resonance-energy points were used 
for '*'Sm, fifteen for "*U, sixteen for " ' P u , fifteen for '^'Ta, fourteen for 
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^^"Pu and fifteen for ^*^Pu. Of the to ta l t i m e in the u n r e s o l v e d r e s o n a n c e 
ca lcula t ion , 13 sec (l6%) w a s for ' « S m , 8 s ec (10%) for "«U, 15 s e c (19%) 
for " ' P u , 13 sec (l6%) for '« 'Ta, 21 s ec (26%) for ^ " p u , and 10 s ec (13%) 

TABLE l i l .A.6. Timing Considerations 

Consistent 

PI Fine- PI Ul t raf ine- PI Ul t raf ine-

group Problem group Problem group Problem 

(Time, sec) (Time, sec) (Time, sec) 

Input (CSIOOl) 

Calculate Unresolved and 
Resolved Resonance Cross 
Sections (CSCOOl) 

Calculate Nonresonant Cross 
Sections, Calculate Fundamental 
Mode Fluxes, and Iterate on Buck
ling to Critical (CSCOOZ) 

Calculate Broad-group Average 
Macroscopic and Microscopic Cross 
Sections, Calculate Broad-group 
Fundamental Mode Fluxes 
(CSC003) 

Read Input, Adjust Broad-group Structure, and Make Con

sistency Ctieck of All Input Data 

Total Time in Module CSIOOl 

Reading Unresolved and Resolved Data and W Table from 

ENDF/B Library 

Unresolved Calculation 

Resolved Calculation 

Total Time in Module CSCOOl 

(Subroutine FIGERC) Calculate Fine-group Effective Cross 

Sections for Nonresonant Quantities 

(Subroutine INSCATl Calculate Inelastic and n,an Cross 

Sections 

(Subroutine SOURCE) Calculate Fine- and Ultraf ine-group 

Fission Spectrum 

Input/OUTPUT Operations 

Buffer Legendre Data from ENDF/B Library 

Calculation in Subroutine ALRAG© for First Iteration 

Calculation in Subroutine PONE for First Iteration 

Time Spent in Subroutine ALRAG© tor Iterations 2-4 

Time Spent in Subroutine PONE for Iterations 2-4 

Total Time in Module CSC002 

(Subroutine AVER) Collapse tt ie Ultraf ine- and Fine-group 
Cross Sections 

(Subroutine AVERl) Compute Individual Material Microscopic 
Cross Sections 

(Subroutine BGPlSNE) Generate Homogenized Macroscopic 

Broad-group Cross Sections 

Total Time in Module CSC003 

Total Running Time for Problems (seel 

2 2 2 

2 (<1%)̂  2 «I%) 2 «1%) 

10 10 10 

631 

721 (87%) 

12 

<1 

3 

60 (7%) 

<1 

708 

798 (47%) 

708 . 

798 m%) 

15 

69 

519 

2 

24 

6 

1 (41*1 

15 

69 

586 

2 

37 

6 

779 (awl 

42 

<1 

44 (5%) 

827 

188 

1 

200 (11%1 

1699 

201 

1 

221 (I2») 

1800 

^The number in parentheses is the percentage of tt ie problem r u n time spent in the module. 

The long comput ing t i m e t a k e n in the r e s o l v e d r e s o 
nance ca lcu la t ion is due to the l a r g e n u m b e r of c a l l s to s u b r o u t i n e QUICKW* 
during the R o m b e r g in t eg ra t ion . 

The e l a s t i c - s c a t t e r i n g , e l a s t i c - r e m o v a l , and e l a s t i c -
t r a n s p o r t c r o s s sec t ions c a l c u l a t e d in the f i r s t i t e r a t i o n in s u b r o u t i n e 
ALRAGp* a r e s to red on a d i sk pack . Note the l a r g e amoun t of runn ing t i m e 
for this a r e a of ca lcu la t ion . Dur ing s u b s e q u e n t i t e r a t i o n s a l l the t i m e spen t 

•Toppel, B. J., et al., ANL-7318 (June 1967). 
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in s u b r o u t i n e ALRAGJD is only for r e a d i n g t h e s e p r e c a l c u l a t e d q u a n t i t i e s 
f r o m d i s k in to the m a i n c o r e of the c o m p u t e r , and the t i m e spent in th i s 
a r e a i s d r a s t i c a l l y r e d u c e d . 

The next effort in the r e v i s i o n of the MC^ capab i l i t y 
in ARC wi l l be to p r e c a l c u l a t e the e l a s t i c - s c a t t e r i n g m a t r i x f rom the 
L e g e n d r e coe f f i c i en t s . S ince the MC^ capab i l i ty does not al low the l e t h a r g y 
width of the u l t r a f i n e g r o u p s to v a r y , the s c a t t e r i n g m a t r i c e s for a l l 
i s o t o p e s in the l i b r a r y (22 m a t e r i a l s with L e g e n d r e da ta at p r e s e n t ) wi l l be 
c a l c u l a t e d ; t h e s e , r a t h e r than the L e g e n d r e coef f ic ien t s , wi l l be s t o r e d in the 
l i b r a r y t h e r e b y r e d u c i n g the t i m e d i s c r e p a n c y be tween the f i r s t and s u b s e 
quent i t e r a t i o n s in s u b r o u t i n e A L R A G 0 for an u l t r a f i ne - g roup ca l cu l a t i on . 
The new s u b r o u t i n e ALRAG)Z!l wi l l then r e a d the e l a s t i c - s c a t t e r i n g m a t r i x 
for each L e g e n d r e m a t e r i a l i n s t e a d of the L e g e n d r e coeff ic ients and 
h o m o g e n i z e t h e s e m a t r i c e s for the p r o b l e m at hand. 

(c) E N D F / B Data M a n a g e m e n t in the ARC S y s t e m . The five 
s t a n d - a l o n e codes i n v o l v e d w i t h E N D F / B da ta m a n a g e m e n t have been con 
v e r t e d to ARC s y s t e m m o d u l e s , wi th the d e s i g n a t i o n s shown in T a b l e I I I .A.7. 
The m o d u l e s a r e invoked by the s t a n d a r d path STPOIO, and a ca t a logued p r o 
c e d u r e ARCSPOIO, which invokes the s t a n d a r d pa th , h a s been added to the 
Appl ied M a t h e m a t i c s l i b r a r y , S Y S l . A M D P R 0 C . Use of the p r o c e d u r e 
a l l e v i a t e s the d i f f icu l t ies of j o b - c o n t r o l l anguage which had been a s s o c i a t e d 
with u s e of the un l inked c o d e s . 

T A B L E II I .A.7 . E N D F / B Data M a n a g e m e n t Modules 

ARC 
Module 

Code 
N a m e 

BCD 
Input 

Data Se t s P u r p o s e 

CSI002 CHECKER A.CHECK Check E N D F / B t ape 

CSI003 C R E C T A . C R E C T C o r r e c t E N D F / B tape 

CS1004 DAMMET A.DAMMET D e l e t e , a l t e r m o d e , 
and m e r g e E N D F / B t a p e s 

CSI005 ETJZ5E A . E T ^ E C o n v e r t b i n a r y E N D F / B 
tape to MC^ f o r m a t 

CSI006 M E R M C 2 A.MERMC2 M e r g e two MC^ t a p e s 
and d e l e t e m a t e r i a l s 
a s spec i f ied 

STPOIO - A.STPOIO ARC s y s t e m s t a n d a r d 
pa th 
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B C D i n p u t t o t h e s t a n d a r d p a t h i n c l u d e s t h e d a t a s e t s 

s h o w n in T a b l e I I I .A .V . T h e s e t A . S T P O I O i n d i c a t e s w h i c h of t h e m o d u l e s 

a r e t o b e i n v o k e d o n a p a r t i c u l a r r u n . C o m p l e t e f l e x i b i l i t y i s p r o v i d e d . 

T h e r e m a i n i n g d a t a s e t s a r e s i m p l y t h e i n p u t c a r d s f o r t h e u n l i n k e d c o d e s . 

In o r d e r t o r e t a i n t h e f o r m a t s p e c i f i c a t i o n s w i t h i n t h e c o d e s , t h e N p S p R T 

o p t i o n m u s t b e u s e d f o r t h e s e d a t a s e t s . F o r s e v e r a l of t h e s e i n p u t d a t a 

s e t s , d a t a w e r e r e q u i r e d s p e c i f y i n g t h e d a t a - s e t r e f e r e n c e n u m b e r of 

v a r i o u s b i n a r y d a t a s e t s u s e d by t h e p a r t i c u l a r c o d e . T h e s e i n p u t n u m b e r s 

a r e d i s r e g a r d e d b y t h e A R C m o d u l e s , a n d t h e r e q u i s i t e d a t a a r e o b t a i n e d 

u s i n g t h e A R C s y s t e m c o n v e n t i o n s ( S N I F F ) . 

T h i s e f f o r t , w h i c h r e q u i r e d l e s s t h a n o n e m a n - w e e k , 

d e m o n s t r a t e s t h e e a s e w i t h w h i c h c o d e l i n k i n g m a y b e i m p l e m e n t e d u s i n g 

t h e c o n v e n t i o n s a n d e n v i r o n m e n t of t h e A R C s y s t e m . 

(i i) D e v e l o p m e n t of a n A c c i d e n t C o d e (G. J , F i s c h e r ) 

N o t p r e v i o u s l y r e p o r t e d . 

(a) C h a n g e of D e l a y e d - n e u t r o n F r a c t i o n s d u r i n g C o r e 

M e l t d o w n . In o r d e r t o g e t a b a s e f o r t h e i n v e s t i g a t i o n of t h e d y n a m i c b e 

h a v i o r of t h e r e a c t o r d u r i n g m e l t d o w n , t h e d e c r e a s e i n t h e d e l a y e d - n e u t r o n 

c o n c e n t r a t i o n d u e t o l o s s of f i s s i o n p r o d u c t s by s e p a r a t i o n of t h e p r e c u r s o r s 

t h r o u g h v a p o r i z a t i o n f r o m t h e m o l t e n c o r e h a s b e e n i n v e s t i g a t e d . T h e 

c h e m i c a l a n d p h y s i c a l d a t a f o r g r o u p s 1-4 a r e s h o w n i n T a b l e I I I . A . 8 . * D a t a 

fo r g r o u p s 5 a n d 6 a r e n o t i n c l u d e d b e c a u s e t h e s h o r t h a l f - l i f e l e a d s t o n e u t r o n 

e m i s s i o n b e f o r e t h e p o s s i b l e e s c a p e of t h e p r e c u r s o r s . 

W i t h o u t a m a s s t r a n s p o r t of f u e l v a p o r f r o m t h e c o r e 

r e g i o n i n t o t h e s u r r o u n d i n g r e g i o n s n o c o n s i d e r a b l e d e c r e a s e i n t h e p o p u l a 

t i o n of d e l a y e d n e u t r o n s in t h e c o r e r e g i o n c a n b e e x p e c t e d . E v e n i n t h i s 

c a s e , t h e l o s s in d e l a y e d n e u t r o n s i s l i m i t e d t o g r o u p s 1 - 3 . It c a n n o t b e 

e x p e c t e d t h a t t h e b o i l i n g r a t e a n d t h e b u b b l e - g r o w t h r a t e i s h i g h e n o u g h t o 

r e m o v e t h e p r e c u r s o r s of g r o u p s 4 - 6 ( w h i c h r e p r e s e n t 5 0 - 6 0 % of t h e d e l a y e d 

n e u t r o n s ) b e f o r e t h e d e c a y by n e u t r o n e m i s s i o n . T h e r e f o r e , t h e r e d u c t i o n i n 

t h e d e l a y e d - n e u t r o n f r a c t i o n d o e s n o t e x c e e d 5 0 % . It s h o u l d b e n o t e d t h a t 

i n f o r m a t i o n of t h i s t y p e s h o u l d b e u s e d w i t h c o n s i d e r a b l e c a r e w h e n a p p l i c a 

t i o n i s t o b e m a d e t o a n u c l e a r b u r s t . T h e s e d a t a g i v e t h e i n i t i a l d e l a y e d -

n e u t r o n p r e c u r s o r p o p u l a t i o n o n l y . 

Proc. IAEA Symposium on the Fission Process, Vienna, Aug 1969. 
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TABLE III.A.S. Distributions of Delayed-neutron Precursors for U-Z35 and Pu-239 

Precursor 
Group No. Isotope 

1 Br-87 
Sn-133 

2 Br-88 
1-137 
Cs-141 

Sb-134 
Sn-134 

3 Se-87 
Br-89 
Rb-92 
Rb-93 

1-138 

4 Ge-84 
As-84-86 
Se-88 
Br-90-92 
Kr-92-93 
Rb-94 
Y-98 
Sb-135 
Te-137 
1-139-140 
Cs-142-145 

Half-life of 
Precursor, 
Including 

Parents (sec) 

55 
55 

16 
24 
25 

11 
2 

6 
4.5 
4.5 

6 

6 

? 

?, 2. ? 
2 

1.6, ? 
1.9, 1.3 

2.7 
2.0 
1.7 

? 

1.7, 1.2 
2. 1.7. 1.0, ? 

Parents of 
Precursors 
(lifetime in 

sec given in 
brackets! 

As 11.41, Se (5.81 

-

Se 12.21 
Te (1.0) 
1 (0.3), Xe (1.7) 

As (1.4) 
Se I?) 
Br (0.8), Kr (1.9) 
Br (?), Kr (1.2) 

Te (?) 

-
Ce, Ce (2); -

Se, -
Br (0.8); Se; Br 
Kr (0.2) 
Rb (3); Sr (?) 

-
-
-Xe K l l 

Yield 

vfi 
235u 

5.7 
0.1 

11.1 
19.7 
0.3 

0.2 
0.5 

0.4 
16.9 
0.06 
7.2 

6.7 

0.8 
14.0 
4.16 

22.4 
1,82 

142 
2.3 
3.9 
0.6 
0.2 

10.65 

ler 
Fissions 

239pu 

1.97 
0.03 

3.41 
14.42 
0.23 

O07 
0.09 

0.10 
3.52 
0,03 
2,90 

3,36 

1 
] 
1 Not 

well 
known 

Yit Id 
in Percent 

of Tola 
Yi 

235u 

98.3 
1,7 

35 
62 

1 

0,5 
1,5 

1.3 
54,0 
1,9 

23,0 

21,4 

1,0 
18.5 
5.5 

29,7 
2.4 

18.9 
3.0 
52 
0.8 
0.3 

14.1 

Group 
Id 

239pu 

98.5 
1.5 

18.8 
79 
1.3 

0,4 
0,5 

1.0 
35.0 
0.3 

28.7 

333 

Stale ol 
Oxidation and 

Possible 
Chemical 

Composition 
at 

P > 2500<'K 

Br 
Sn 

Boiling 
Point 
l»K) 

330 
2633 

Sn02, decomposes at 
low oxygen pressure 

See Br-87 
1 
Cs 
Csl, CsB 
Sb 
See Sn-133 

Se 
See Br-87 
Rb 
Affinity to 0, 
decomposition 
vated tempera 
See 1-137 

GeOo 
As 
Se 
See Br-87 
Kr 
See Rb-92 
Y 
See Sb-134 
Te 
Xe 
See Cs-141 

457 
943 

1200 
1713 

961 

1266 
and Br, 

at ele-
ures 

3100 
1000 
1012 

120 

3200 

1663 
160 

2. Nuclear Data--Research and Development 

a. Cross Section Measurements (N. D. Dudey and 
C. E. Crouthamel) 

(i) Yields of Low-mass Fission Products 

Last Reported: ANL-7618, p. 90 (Sept 1969). 

An experiment is being planned (see ANL-7618) to meas 
ure fast-neutron fission yields of tritium by a radiochemical technique. 
Gram quantities of fissile mater ia l will be irradiated with monoenergetic 
fast neutrons producedin the Dynamitron. The irradiated samples will be 
hydrided and dehydrided in a radiochemical separation system in which the 
hydrogen isotopes (including tritium) will be separated from the other fission 
products. The tri t ium in the separated gas will be counted in a low-level 
gas proportional counter. The number of fissions will be determined by 
radiochemical analysis of the fissile mater ia l for several fission-product 
monitors . The neutron flux will be measured by means of a fission counter. 
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The g a s - h a n d l i n g s y s t e m m which the t r i t i u m s e p a r a t i o n 
wil l be c a r r i e d out h a s been des igned , and c o n s t r u c t i o n h a s s t a r t e d . S a m p l e s 
of " ' P u , " ° P u , ^^^Pu, "^U, and ^^^U having high i s o t o p i c p u r i t y and low l i t h i u m 
content* have been obtained, and f a b r i c a t i o n of the t a r g e t s h a s begun . It i s 
expected that f a s t - n e u t r o n i r r a d i a t i o n s wi l l beg in a s soon a s the D y n a m i t r o n 
is ava i lab le for our u s e ( M a r c h - A p r i l 1970). Yie lds of t r i t i u m in the t h e r m a l -
neu t ron - induced f i ss ion of "^U, "^U, and " ' P u wi l l be m e a s u r e d f i r s t to 
check out the method and c a l i b r a t e the equ ipmen t . 

Or ig ina l p lans for d e t e r m i n i n g the f i s s i on y i e l d s of t r i t i u m 
and other l o w - m a s s f i ss ion p r o d u c t s involved the u s e of a p a r t i c l e -
ident i f icat ion s y s t e m to m e a s u r e the m a s s , c h a r g e , e n e r g y , and a n g u l a r 
d i s t r ibu t ion of emi t t ed l o w - m a s s p a r t i c l e s . Work on th i s m e t h o d h a s b e e n 
reduced b e c a u s e of budget l i m i t a t i o n s . M e a s u r e m e n t s of l o w - m a s s f i s s i o n 
yie lds f rom the spontaneous f i s s ion of ^^^Cf a r e being u s e d to se t the t i m i n g 
of the p a r t i c l e - i d e n t i f i c a t i o n s y s t e m and to ve r i fy i t s p e r f o r m a n c e . T h i s 
s y s t e m , with the except ion of a su i tab le s c a t t e r i n g c h a m b e r , i s e x p e c t e d to 
be ready for f a s t - n e u t r o n m e a s u r e m e n t s by the t i m e the D y n a m i t r o n is 
ava i lab le for u s e . 

b . Burnup Ana lys i s and F i s s i o n Yields for F a s t R e a c t o r s 
(R. P . L a r s e n ) 

(i) Deve lopment of Ana ly t i ca l P r o c e d u r e s for F i s s i o n - P r o d u c t -
Burnup Moni to r s 

L a s t Repor ted : ANL-7618 , pp. 90-92 (Sept 1969). 

An X - r a y s p e c t r o m e t r i c m e t h o d i s be ing d e v e l o p e d for the 
d e t e r m i n a t i o n of the four p r i n c i p a l r a r e e a r t h f i s s i on p r o d u c t s : l a n t h a n u m , 
c e r i u m , p r a s e o d y m i u m , and n e o d y m i u m . The in i t i a l a p p l i c a t i o n of the me thod 
to the ana lys i s of a s a m p l e of i r r a d i a t e d fuel (13% e n r i c h e d UO^ i r r a d i a t e d in 
MTR) was r e p o r t e d in ANL-7618 . The r e s u l t s ob ta ined w e r e in c l o s e a g r e e 
ment with those ca lcu la ted , on the b a s i s of ind iv idua l r a r e e a r t h f i s s i on 
yie lds , f rom the r e s u l t s of a p r e v i o u s a n a l y s i s of the s a m p l e for t o t a l r a r e 
ea r th s (TRE) by EDTA t i t r a t i o n (see P r o g r e s s R e p o r t for J a n u a r y 1968, 
ANL-7419, p . 96). The to ta l c o n c e n t r a t i o n s of the four p r i n c i p a l r a r e e a r t h s 
d e t e r m i n e d by X - r a y and TRE a n a l y s e s w e r e 0.6062 and 0.6005 jUmol/ml, 
r e spec t ive ly ; the n e o d y m i u m c o n c e n t r a t i o n s w e r e 0.2706 and 0.2722 (Umol/ml, 
r e spec t ive ly . 

This s a m p l e was a l s o a n a l y z e d for u r a n i u m , to ta l n e o d y m i u m , 
and '*^Nd by B. F . R ide r of the G e n e r a l E l e c t r i c V a l l e c i t o s A t o m i c P o w e r 
Labora to ry . The a n a l y s e s w e r e p e r f o r m e d by a m a s s - s p e c t r o m e t r i c 
i so tope-d i lu t ion (MSID) me thod . R i d e r ' s va lue for the to ta l n e o d y m i u m 
content, namely , 0.2723 / i m o l / m l , i s in good a g r e e m e n t wi th our n e o d y m i u m 
value of 0.2706 ^ m o l / m l . 

A low lithium content is necessary because triuum is produced by reactio 
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B u r n u p v a l u e s for the UOj fuel w e r e ca l cu l a t ed f rom the 
da ta of each m e t h o d and the b e s t f i s s ion yie ld da ta a v a i l a b l e . T h e s e v a l u e s 
a r e given in T a b l e III .A.9 t o g e t h e r with the f i s s ion y ie lds used ; good a g r e e -
rnent a m o n g the s e v e r a l m e t h o d s is ev ident . 

T A B L E III .A.9. C o m p a r i s o n of Burnup A n a l y s e s of 
I r r a d i a t e d UO2 by S e v e r a l Methods 

R a r e E a r t h s 
D e t e r m i n e d 

T R E ^ 

La , Ce, P r , Nd 

T o t a l Nd 

To ta l Nd 

'"^Nd 

F i s s i o n 
Yield 

(%) 

49.35 

45.20 

20.52 

20.52 

1.70 

Method 

EDTA 

X - R a y 

X - R a y 

MSID': 

MS IDC 

Burnup (at. 

6.75 

6.68 

6.6ll= 

6.65b 

6.62 

%) 

^ T R E = to ta l r a r e e a r t h s . 
^ T h e s e v a l u e s w e r e c o r r e c t e d for the '^''Ce (285 days ) 

tha t had not decayed to "^Nd ( s t ab le ) . 
'-MSID = m a s s - s p e c t r o m e t r i c i so tope -d i lu t ion a n a l y s i s . 

(ii) D e v e l o p m e n t of a New Method for the D e t e r m i n a t i o n of 
the Abso lu t e F a s t F i s s i o n Yie lds of Burnup M o n i t o r s for 
F a s t R e a c t o r F u e l s 

L a s t R e p o r t e d : A N L - 7 6 1 8 , pp. 92 -93 (Sept 1969) 

(a) D e t e r m i n a t i o n of Alpha for " ^ P u , "^U, and " ^ U . An 
e x p e r i m e n t i s be ing conduc ted by the ANL R e a c t o r P h y s i c s Div i s ion to 
m e a s u r e the effective c a p t u r e - t o - f i s s i o n r a t i o (alpha) for " ' P u , "^U, and "^U 
in a n e u t r o n s p e c t r u m tha t e m p h a s i z e s the 10-keV r e g i o n , w h e r e the g r e a t e s t 
u n c e r t a i n t i e s in a lpha ex i s t . The s a m p l e s w e r e i r r a d i a t e d in Z P R - 3 in 
S e p t e m b e r 1969. The n u m b e r of c a p t u r e s is being d e t e r m i n e d m a s s s p e c 
t r o m e t r i c a l l y ; * the n u m b e r of f i s s ions is be ing d e t e r m i n e d by g a m m a s p e c 
t r o m e t r y f r o m the ac t iv i ty of the f i s s ion p r o d u c t " ° B a (see P r o g r e s s R e p o r t 
for M a r c h 1969, A N L - 7 5 6 1 , pp . 65-67) . The fac to r which r e l a t e s the " ° B a 
ac t iv i ty to the n u m b e r of f i s s i o n s w a s e s t a b l i s h e d in a s h o r t (83 -min) c a l i 
b r a t i o n i r r a d i a t i o n which p r e c e d e d the long (5-day) i r r a d i a t i o n for the 
d e t e r m i n a t i o n of a lpha , in the s h o r t i r r a d i a t i o n w e r e n a n o g r a m a m o u n t s 

*This work is being performed in the Chemistry Division. 
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of the f i ss i le nuc l ides in con tac t with m i c a f i s s i o n t r a c k d e t e c t o r s and 
m i l l i g r a m amoun t s of the f i s s i l e nuc l i de s (as m e t a l fo i l s ) wh ich w e r e u s e d 
for the " " B a a s s a y s . Subsequen t to the i r r a d i a t i o n , the " " B a a c t i v i t y - t o -
f i ss ion f a c t o r s w e r e c a l c u l a t e d f r o m the '^"Ba coun t s , the n u m b e r of f i s s i o n 
t r a c k s , and the weight of the f i s s i l e n u c l i d e s . 

The f i s s i o n - t r a c k count ing* of the ^^'Pu s a m p l e s and 
the '*''Ba counting of the " ' P u and ^^^U foils ( f rom both the s h o r t c a l i b r a t i o n 
i r r a d i a t i o n and the long i r r a d i a t i o n for the d e t e r m i n a t i o n of a lpha) h a v e b e e n 
comple ted . The n u m b e r of f i s s ions p e r 10 a t o m s of P u in the long 
i r r a d i a t i o n was 230 ± 5. The p r i n c i p a l s o u r c e s of e r r o r in th i s m e a s u r e m e n t 
w e r e the d e t e r m i n a t i o n s of the Ba ac t iv i ty in the tvî o i r r a d i a t i o n s . E a c h 
was m e a s u r e d with a p r e c i s i o n of ±1%. It is expec t ed tha t the n u m b e r of 
f i ss ions "which o c c u r r e d in the U and U s a m p l e s wi l l be m e a s u r e d wi th 
a c c u r a c i e s c o m p a r a b l e to that obta ined for the ^̂  P u . 

(b) D e t e r m i n a t i o n of F a s t F i s s i o n Y ie ld s . The ^^'Pu and 
U foils f rom the long (5-day) i r r a d i a t i o n a r e be ing a n a l y z e d by gamnna 

s p e c t r o m e t r y to d e t e r m i n e the r e l a t i v e f i s s ion y i e ld s of s e v e r a l s h o r t 
lived nucl ides and the abso lu te f i s s i on y ie ld of '^^Cs. The v a l u e s ob ta ined 
will be c o m p a r e d with the va lue s r e p o r t e d by L i s m a n et a l . * * for the E B R - I 
s p e c t r u m . The r e l a t i ve ly low i n t e g r a t e d n e u t r o n flux in the long i r r a d i a t i o n 
(the burnup was only 2.30 x 10"^ at . %) p r e c l u d e s d e t e r m i n a t i o n s of the 
f iss ion yie lds of the s t ab le f i s s ion p r o d u c t b u r n u p m o n i t o r s , e .g . , the r a r e 
e a r t h s . 

The t echn ique d e s c r i b e d in the p r e c e d i n g s e c t i o n wi l l 
be used to d e t e r m i n e abso lu te f i s s ion y i e l d s in E B R - I I ( s ee P r o g r e s s R e p o r t 
for M a r c h 1969, A N L - 7 5 6 1 , p . 57). Two i r r a d i a t i o n s wi l l be c a r r i e d out: 
one of about 2 -h r d u r a t i o n at a r e a c t o r power l e v e l of 50 kW and the o the r of 
sufficient dura t ion (-120 days) at full p o w e r to p r o d u c e s a m p l e s hav ing 
burnups of 1-2%. B e c a u s e the length of the l a t t e r i r r a d i a t i o n is c o n s i d e r a b l y 
longer than that of the a lpha e x p e r i m e n t ( -120 d a y s v e r s u s ~5 days ) , a l o n g e r -
lived f iss ion produc t , e.g. , ' " C e (285 d a y s ) , wi l l be u s e d i n s t e a d of '*°Ba 
(13 days) to e s t ab l i sh the a c t i v i t y - t o - f i s s i o n c a l i b r a t i o n f a c t o r . 

c. R e a c t o r Code C e n t e r (M. B u t l e r ) 

L a s t Repo r t ed : A N L - 7 6 4 0 , pp. 9 3 - 9 4 (Nov 1969). 

A to ta l of 907 p r o g r a m p a c k a g e s w e r e d i s t r i b u t e d in f i s c a l 1969. 
Of these , 752 w e r e r e q u e s t e d by U.S. o r g a n i z a t i o n s ; the r e m a i n i n g 155 w e r e 
sent outside the United S t a t e s . No r e c o r d s a r e a v a i l a b l e on d i s t r i b u t i o n s of 
our l i b r a r y col lec t ion m a d e by the E N E A C o m p u t e r P r o g r a m m e L i b r a r y to 
m e m b e r coun t r i e s unde r i n t e r n a t i o n a l a g r e e m e n t . 

^^This work is being performed in the Reactor Physics Division. 
Lisman, F. L., et al., Burnup Determination of Nuclear Fuels, IN-1277, p. 64(1969). 
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It is interesting to look at the breakdown of the U.S. distribution 
indicating services rendered to AEC contractors and U.S. government 
operations, universi t ies , public utili t ies, computer manufacturers, 
software and consulting agencies. 

Distribution of P rogram Package Transmit ta ls , FY 1969 

AEC Contractors and U.S. Government Operations 442 
Universities 147 
Public Utilities 66 
Computer Manufacturers, Software and Consulting F i rms 97 

Total 752 

Larges t u se r s of l ibrary programs among AEC contractors were 
Argonne National Laboratory, Babcock and Wilcox, Combustion Engineering, 
and the Commission itself. The University of Cincinnati, Columbia 
University, Kansas State University, and the University of Missouri each 
received more than ten program packages. The Sacramento Municipal 
Utility District , Sacramento, Calif., led the public utility users , followed by 
Public Service Electr ic and Gas Company of Newark, N. J.; while the IBM 
Scientific Center at Palo Alto, Calif., and Keane, Pomerantz, and Associates 
of Pittsburgh, Penna., headed the fourth requester category with 20 and 10 
packages, respectively. 

Of the 155 t ransmit ta ls outside the United States, 62 went to the 
ENEA Computer P rogramme Library and 29 others were mailed to univer
si t ies. Canada, China (Taiwan), Israel , and Japan each received more than 
10 packages. 

B. Reactor Fuels and Materials Development 

1. Fuels and Claddings--Research and Development 

a. Behavior of Reactor Materials 

(i) Fuel Behavior 

(a) Studies of Fuel-element Modeling (R. W. Weeks and 
V. Z. Jankus) 

Last Reported: ANL-7632, pp. 103-107 (Oct 1969). 

The convergence problems initially encountered with 
the LIFE fuel-element modeling code have largely been solved and tests of 
the code are in p rogress . As might be expected, large changes in s t r e s s , 
strain, zone-boundary migration, or operating conditions make the strongest 
demands on the code-convergence capability. 
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To t e s t the code at a high s t r a i n r a t e , a v e r y l a r g e 
solid f i s s i o n - p r o d u c t swel l ing and a v e r y high c l a d - c r e e p r a t e w e r e input 
in one of the e a r l i e s t code t e s t s . Two r u n s w e r e m a d e wi th i d e n t i c a l 
input data; the f i r s t held power cons t an t , excep t for the i n i t i a l r i s e and 
final reduct ion , and the second followed add i t iona l p o w e r c y c l e s d u r i n g 
the s a m e t i m e pe r iod . The r e s u l t s a r e shown in F i g . I I I .B. 1. 

Fig. III.B.I 
Results of a Preliminary Study 
of LIFE Code Stability 

KM 120 l-VO 160 180 200 220 240 260 260 300 320 340 

TIME, llOurS 

The top c u r v e in the c ladding A D / D plot w a s the 
cons tan t -power ca se , and the lower c u r v e followed the p o w e r c y c l e . The 
coolant t e m p e r a t u r e h i s t o r y for t h e s e runs ^vas t aken p r o p o r t i o n a l to the 
power level when the power was below 1 kW/ft , but above 1 kW/ft the coolant 
t e m p e r a t u r e was held cons tan t . 

The in i t i a l AD/D o b s e r v e d on the f i r s t r i s e to p o w e r 
is due only to t h e r m a l expans ion of the c lad. An incuba t ion p e r i o d follows 
until the fuel c l o s e s the fue l -c lad gap, and then the a s s u m e d high so l id 
f i s s ion-p roduc t swell ing f o r c e s the c lad to c r e e p at an e x a g g e r a t e d r a t e . 
When the power l eve l is l owered , the fuel c o n t r a c t s b e c a u s e of the l o w e r 
t e m p e r a t u r e , and, in each c a s e shown in F i g . I I I .B . I , the f u e l - c l a d gap 
reopened. An ini t ia l e l a s t i c r e c o v e r y of the c lad (due to the r e d u c e d 
fuel-clad p r e s s u r e ) is computed , and, when the power l e v e l d r o p s be low 
1 kW/ft, the clad c o n t r a c t s b e c a u s e of the l o w e r coolant t e m p e r a t u r e . 
When the power i n c r e a s e s again, the p r o c e s s i s r e v e r s e d , wi th the fuel 
contacting the clad only af ter r e a c h i n g i t s fu l l -power t e m p e r a t u r e . 

The code is c u r r e n t l y in a p r o v e - o u t s t a g e , which 
will include fur ther checks on the code s t ab i l i ty , g a t h e r i n g the " b e s t 
avai lable" set of m a t e r i a l s input data , inc luding da t a on f i s s i o n - p r o d u c t 
and zone-boundary m i g r a t i o n , and c a l i b r a t i o n of the code aga ins t a few 
" w e l l - c h a r a c t e r i z e d " i n t e g r a l f u e l - e l e m e n t t e s t s to e s t i m a t e m a t e r i a l s 
data that a r e p r e s e n t l y unava i l ab l e . The i n c o r p o r a t i o n of a s imp l i f i ed 
model of fuel c rack ing is a l s o being c o n s i d e r e d , a long wi th i n c o r p o r a t i o n 
of the U-Pu m i g r a t i o n m o d e l ( see P r o g r e s s R e p o r t for A p r i l - M a y 1969, 
ANL-7577, pp. 140-142) and an upda t ing of the c l a d - s w e l l i n g m o d e l . 
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b. Oxide Fuel Studies 

(i) Fuel Swelling Studies (L, C. Michels and G, M. Dragel) 

Last Reported: ANL-7640, pp. 106-108 (Nov 1969). 

During the preparation of replicas of irradiated oxide fuels, 
it was found that the insolubility of the plastic replicating tapes was caused 
in some cases by their exposure to irradiation rather than by too long an 
immersion in the acid cleaning bath. The acid bath was found to be unneces
sary for cleaning the plastic replicas. Imnnersion of the tapes in a solution 
of detergent and water in an ultrasonic cleaner for a period of about 4 hr 
appears to be a very effective cleaning method. 

A metallographic section from fuel element SOV-7 has been 
examined using replica electron microscopy. The specimen examined was a 
t ransverse section taken at a position 2.9 in. from the bottom of the fuel 
column. The fuel in this element consisted of vibratorily compacted Dynapak 
part ic les of (U,Pu)02. The burnup achieved was 3.6 at. %. The fuel element 
operated in a partially molten condition with a fuel surface temperature of 
approximately 1200°C. 

What appear to be subgrain boundaries in the fuel were 
observed, starting at a position about 0.002 in. from the cladding. The sub-
grain size at this position was approximately 5 fl and increased toward the 
center of the fuel. The matrix also appeared to become "cleaner," or freer 
of debris , toward the center of the fuel, indicating that a sweeping process 
may be associated with the subgrain growth. The possibility is recognized 
that the observed boundaries (which are thou|ht to be subgrain boundaries) 
are really high-angle grain boundaries that were initially present in the fuel 
par t ic les . A study of some of the unirradiated fuel material is being con
ducted to determine the preirradiat ion grain size. This study will utilize 
both optical and replica electron microscopy. 

(ii) Fuel-element Performance (L. A. Neimark and 
W. F. Murphy) 

Last Reported: ANL-7640, pp. 108-110 (Nov 1969). 

The Group 0-3 encapsulated mixed-oxide fuel elements 
have been inspected and approved for irradiation in EBR-11. The 18 fuel 
element capsules and the one s tructural mater ia ls capsule have been loaded 
in Subassembly X072. The subassembly has been flow tested and accepted 
for irradiation and will be loaded into EBR-II in position 6E2 for Run 39. 



104 

2 Techniques of F a b r i c a t i o n and T e s t i n g - - R e s e a r c h and D e v e l o p m e n t 

a. Nondes t ruc t i ve Tes t i ng R e s e a r c h and D e v e l o p m e n t 

(i) Inves t iga t ion of D a t a - h a n d l i n g S y s t e m (C. J , Renken) 

L a s t Repo r t ed : ANL-7527 , pp. 106-110 (Dec 1968). 

With the deve lopmen t of a s i x - a p e r t u r e e l e c t r o m a g n e t i c 
t r a n s d u c e r for the inspec t ion of j a c k e t tubing ( see P r o g r e s s R e p o r t for 
Sep tember 1969. ANL-7618, pp. 99-101) , it h a s b e c o m e n e c e s s a r y to 
inves t iga te s i g n a l - p r o c e s s i n g m e t h o d s to p r o c e s s ef fect ively the i n c r e a s e d 
informat ion ava i lab le f rom this type of t r a n s d u c e r . With s ix a p e r t u r e s and 
two sampl ing points p e r a p e r t u r e , a t w e l v e - d i m e n s i o n a l s igna l m u s t be 
p r o c e s s e d . 

P r e p r o c e s s i n g of the s igna l s i s a c c o m p l i s h e d m the follo^vmg 
manner ; The ampli f ied s igna l f rom each pickup co i l (each a p e r t u r e h a s a 
pickup) is s amp led at two po in t s . One s a m p l i n g point i s c h o s e n for m a x i m u m 
sensi t ivi ty to i n n e r - s u r f a c e defec t s i gna l s and m i n i m u m s e n s i t i v i t y to l i f t 
off. At l eas t one of t he se s o - c a l l e d lift-off c r o s s i n g po in t s i s a lways a v a i l 
able . The o ther s a m p l e point is chosen for m i n i m u m s e n s i t i v i t y to i n n e r -
sur face defects and m a x i m u m sens i t i v i ty to lift-off. T h i s s a m p l i n g poin t i s 
always located at an e a r l y t i m e dur ing the d u r a t i o n of the s igna l f r o m the 
pickup. The demodula ted s igna l s f rom each of t h e s e s a m p l e po in t s a r e then 
l inear ly combined in the p r o p e r p r o p o r t i o n to a ch i ev e m i n i m u m s e n s i t i v i t y to 
lift-off. This p r o c e d u r e is r e p e a t e d for each of the c h a n n e l s a s s o c i a t e d with 
the six a p e r t u r e s . Each of t he se combined s i g n a l s i s t hen l i n e a r l y combined 
with the s ignal f rom the a p e r t u r e d i r e c t l y a c r o s s f r o m it or wi th the s igna l 
from the adjacent a p e r t u r e , depending upon the type of e x t r a n e o u s no i s e 
mos t p r eva l en t in the tubing u n d e r i n spec t i on . F o r i n s t a n c e , the s i g n a l - t o -
noise ra t io in tubing that con ta ins l ight , s p i r a l m a r k i n g s f r o m a final 
s t ra ightening opera t ion can usua l ly be d r a m a t i c a l l y i m p r o v e d by u s i n g 
the o p p o s i t e - a p e r t u r e t echn ique . In any c a s e , the t h r e e s i g n a l s r e m a i n i n g 
after the second combina t ion p r o c e s s a r e then each f i l t e r e d by a t r a n s d u c e r -
broadbanding f i l ter , f i l t e red aga in t h rough one o r m o r e s lo t f i l t e r s to r e m o v e 
any other s t rongly pe r iod i c e x t r a n e o u s n o i s e s i g n a l s , and then fed to a c i r c u i t 
that adds the absolu te va lue s of the s i g n a l s f r o m each of the t h r e e p a i r s of 
a p e r t u r e s . F i g u r e III .B.2 shows the f i l t e r ed s i g n a l s b e f o r e and a f te r being 
summed. 

One of the defec t s shown m t h e s e r e c o r d i n g s i s an e l e c t r o -
machined notch, 6.36 m m in length, m the ou te r s u r f a c e of the tube . With an 
ideal broadbanding f i l te r , tha t i s , one w h o s e t r a n s f e r funct ion w a s j u s t the 
inverse of the s p e c t r a l r e s p o n s e funct ion of the t r a n s d u c e r , th i s no tch would 
have appeared on the r e c o r d i n g a s a r e c t a n g l e . Since the idea l b r o a d b a n d i n g 
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filter is not physically realizable, the consequence of the departure of the 
broadbanding filters now in use from the ideal is shown in the distortion 
of the defect signal from the long notch. We have continued to investigate 
nnethods for synthesizing broadbanding filters that are better engineering 
compromises between signal-to-noise ratio, on the one hand, and a more 
faithful reproduction of transient signals, on the other. 

Chare speed: 100 mm/sec 
Scan speed: 91 mm/sec 

Tubing diameter: 0.230 in . (5.57 mm) 
Tubing wall thickness; 0.015 in . (0.381 mm) 

Sum of the absolute 
value of the s ignal 
from a l l aper tu res . 

Apertures 1 and 4 

Apertures 2 and 5 

Apertures 3 and 6 

Hoie .nrou«u .„= 0.0015-ln.-deep by 1/4- in.- 1-°yy,\ZT" 
tube wa l l , 0.002 OD notch (0.038 mm by 6.36 holes (0.25 mm) 
I n . d iameter mm) 
( 0 . 0 5 8 mm) 

Fie in.B.2. Recordings of Signals from Defects in Type 316 Stainless Steel Tubing 

Hole through the 
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b. NDT Measurement of Effective Cold Work in Cladding Tubes 
(C. J. Renken) 

Not previously reported. 

Preliminary experiments to check the feasibility of using 
measurements of magnetic retentivity as a method for measuring non
destructively the amount of cold work in Type 316 stainless steel were 
undertaken. A series of seven rods, which has been subjected to various 
amounts of reduction by tensile elongation, were each drawn uniformly 
through a direct-current field of 20,000 G normal to the rod axis. The field 
retained in the rods appeared to have at least shor t - te rm stability and was 
surprisingly low compared v/ith the field retained in Type 304 stainless 
steel under similar conditions. The rods were demagnetized as completely 
as possible, rennagnetized, and the retained field was again measured. No 
systematic change in the amount of retained field at a given location was 
observed when this cycle was repeated several t imes. There appeared to 
be a reasonable correlation between the retained field and the percentage 
reduction of area of the tensile rods for reductions above 20% (see 
Figs. III.B.3 and III.B.4). 

For reductions below 15%, no field could be detected by our 
magnetometer. Magnetometers that have an order of magnitude greater 
sensitivity are available, but the next logical step would seem to be to 
identify the constituent of the stainless steel that is contributing the 
magnetic effect. Diffraction experiments under way are expected to 
determine whether the magnetic effect is contributed by martensi te . 

Z 350 

PERCENTAGE REDUCTION 

"" " ^ 8 10 12-

DISTANCE ALONG THE ROD, inches 

Fig. 111.B.3. Percent Reduction and the Field Normal to the Rod as a Function 
of Distance along the Rod. Results from tensile rod 3. 
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Fig. 111.8.4 

The Relationship between Percent 
Reduction and the Retaining Field 
Normal to the Rod. Results from 7 
rods. 

0.2 0.6 1.0 \.4 1.8 2.2 2.6 

NORMAL TO THE ROD, milligauss 

It would then be d e s i r a b l e to d e t e r m i n e the effect of v a r i a t i o n s in the 
c o n s t i t u e n t s of d i f fe ren t h e a t s of s t e e l , with the T y p e - 3 1 6 des igna t ion , on 
a p o s s i b l e n o n d e s t r u c t i v e me thod for m e a s u r i n g cold w o r k b a s e d on 
r e t e n t i v i t y . 

E q u i p m e n t tha t wi l l be able to rr?ake cont inuous ly s c a n n e d 
m e a s u r e m e n t s of t e n s i l e - r o d r e s i s t i v i t y wi thout i n t e r f e r e n c e f rom m i n o r 
v a r i a t i o n s of the rod d i a m e t e r is n e a r l y c o m p l e t e . When c o m p l e t e , the 
e q u i p m e n t wi l l be u s e d to check the v a r i a t i o n of r e s i s t i v i t y with p e r c e n t a g e 
r e d u c t i o n . 
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C. Engineering Development--Research and Development 

1. Instrumentation and Control (W. C. Lipinski) 

a. Boiling Detector (T. T. Anderson) 

Last Reported; ANL-7640, pp. 116-117 (Nov 1969). 

(i) Acoustic Method 

(a) Irradiation and Resistance Tests of Piezoelec t r ic and 
Insulator Materials (T. T. Anderson and 
S. L. Halverson) 

The data from the Van de Graaff i rradiat ion tests are 
being analyzed to obtain transducer character is t ics as a function of i r rad ia 
tion conditions. 

In addition, rectangular plates of lithium niobate have 
been irradiated at energies low enough to prevent complete penetration of 
the crystals by electrons. No significant changes of resonance charac te r 
istics were observed before or after irradiation, although optical examina
tion showed evidence of internal s t ress through a change from a uniaxial to 
a biaxial optic axis. X-ray diffraction alignment of the plates showed one 
set of crystals, previously unused, to be X-cut ra ther than the specified 
Y-cut. Resonance measurements confirmed the absence of longitudinal 
modes, as expected for X-cut lithium niobate. 

(b) Development of High-temperature Detector 
(T. T. Anderson and A. P . Gavin) 

In fastening a lithium-niobate t ransducer assembly onto 
the end of a stainless steel bar , clamping p ressu re is used to couple the bar 
to the lithium niobate crystal acoustically. As clamping p re s su re is in
creased, acoustic sensitivity was observed to go through a maximum, while 
the mechanical quality factor (Q^) decreased continually. For a perfect fit 
of the lithium niobate crystal to a stainless steel surface, the theoretical 
value of Qjn should be about unity. This excellent acoustic coupling is the 
result of̂ a near match of lithium niobate acoustic impedance (3.17-3.4 x 
10 g/cm -sec) to that of steel (3.9 x 10^ g/cm^-sec). However, for a 
freely vibrating crystal , Q^ is quite large (~10'). 

The change of Qj-n with compressive load has been 
observed for Y-cut lithium niobate in a screw-loaded t ransducer assembly 
and m a^static-loaded fixture. The changes fit the empir ical relationship 
Qm/Qo = In (022/00), where the constants for the two tests a r e , respectively, 
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Qo = 10 and 20, and OQ = 100 and 400 kg/cm^. These results might explain 
variations in Qj^ for the electron irradiations involving accelerator bom
bardment , where a trapped charge can induce significant internal s t r e s s e s . 

Another problem involving use of lithium niobate in 
high- temperature t ransducers is the tendency of crystals to fracture. An 
unintentional fracture occurred during edge-loading of a Y-cut crystal to 
determine c ross-mode coupling of diametral resonances to the useful lon
gitudinal axial resonance. F rac tu re occurred when the force was increased 
to 11.5 kg, corresponding to 14.6 kg/cm^ had the force been applied across 
the thickness of the cylindrical wafer. Significantly, this is the compressive 
s t r e s s recently selected for clamped-transducer operation. 

(c) Tests of High-temperature Detectors in Water, 
Furnace , and Sodium (A. P . Gavin) 

A first thermal test of the screw-loaded high-
temperature t ransducer assembly has been performed. Relative acoustic 
sensitivity (in the range 0-1 MHz) and impedance near resonance (3.4 MHz) 
were measured as the temperature was gradually raised to 1200''F in 100°F 
increments . The mechanical quality factor Qj^ increased with tempera
ture , indicating that the acoustic coupling was decreasing. At 900°F, there 
was a sudden degradation of acoustic response to the ultrasonic vibrations. 
Subsequent disassembly of the fixture showed that the crystal had fractured. 

Cause of the fracture is unknown, but two possibili t ies 
a re an applied shear s t r ess at the c rys ta l - s tee l interface or anisotropic 
thermal s trains in the crysta l . To eliminate the first of these, a new high-
temperature t ransducer is being fabricated in which a pneumatic piston 
will apply a constant compressive force through a point-contact pivot to the 
optically flat stainless steel crystal holder. Furnace tes ts are planned for 
the newf t ransducer . 

b. Vibration Sensor (T. P . Mulcahey) 

Last Reported; ANL-7618, pp. 106-107 (Sept 1969). 

(i) Out-of-pile Tests of Sodium-immersible Commercial 
Transducers ( T . T . Anderson and A. P . Gavin) 

One of three sodium-immersible acce lerometers will be 
selected for installation on an F F T F flow subassembly early in 1970. Im
pedance measurements have shown the mechanical quality factors (Qm) to 
be about 400, a factor of 4 above similar acce lerometers without the inte
gral sheathed cable, indicating a freer mechanical suspension. The manu
facturer is calibrating the acce le rometers as a function of t empera tu re . 
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2. Heat Transfer and Fluid Flow (M. Petr ick) 

a. LMFBR Burnout Limitations (R. J. Schiltz and R. Rohde) 

Last Reported; ANL-7640, p. 118 (Nov 1969). 

(i) Preparat ion of Apparatus. A safety document package has 
been prepared and is being reviewed. The report descr ibes details of the 
loop enclosure, piping, components, and the a i r -duct system; it also p ro 
vides design details for review of the mechanical and s t ruc tura l aspects of 
the facility. 

The main piping system assembly is ~50% complete. P a r t 
of the piping has been suspended from the piping hangers within the loop 
enclosure. 

The piping for the 2-ft-dia air duct and the t ransi t ion piece 
have been received and inspected. System installation is ~ 50% complete. 

Operation of the heat-exchanger coil •with maximum air flow 
showed a small amount of vibration, which has been eliminated by providing 
a damping device. 

The head of the plenum was reworked to provide a thermal-
transition piece at its center for the bypass flow. The plenum has been r e 
ceived and is ready for installation. 

The core of the electromagnetic helical induction pump is 
ready for use. 

The vacuum-pump support system that facilitates connection 
of the unit to the vacuum chamber has been completed. The vacuum pump 
has been connected to the vacuum chamber. 

Fabrication of the oil cooling system for the pump is ~90% 
complete. 

b- Nonboiling Transient Heat Transfer (R. P . Stein) 

Last Reported: ANL-7632, p. 116 (Oct 1969). 

(i) Analyses of Heat-flux Transients . The sodium-sodium heat 
exchanger loop (see P rogress Report for February 1968, ANL-7427, p. 114) 
will be used in the transient heat flux experiment. However, the loop must 
be modified to accommodate the transient heat source, which will be an 
electron bombardment heater (EBH). Redesign of the loop and pre l iminary 
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d r a w i n g s of the E B H have b e e n c o m p l e t e d . The c o s t s of modifying the loop 
and f a b r i c a t i n g the h e a t e r a r e be ing e s t i m a t e d . 

The coef f i c ien t s p e r t a i n i n g to the p in -bund le a p p r o x i m a t i o n 
have b e e n c o m p u t e d (see P r o g r e s s R e p o r t for Augus t 1969, A N L - 7 6 0 6 , 
p . 105) and a r e be ing c h e c k e d . 

c. L i q u i d - M e t a l Hea t T r a n s f e r in P i n Bund les (T . G i n s b e r g ) 

L a s t R e p o r t e d ; A N L - 7 6 1 8 , pp . 107-108 (Sept 1969). 

S e v e r a l a v a i l a b l e connputer codes m a k e u s e of the lunnped-
p a r a m e t e r a p p r o a c h to c a l c u l a t e t e m p e r a t u r e d i s t r i b u t i o n s in a pin b u n d l e . 
The u t i l i t y and a c c u r a c y of t h e s e codes depend , to a l a r g e d e g r e e , on the 
a v a i l a b l e da ta and c o r r e l a t i o n s for i n t e r c h a n n e l m i x i n g . 

I n t e r c h a n n e l mix ing m a y be c a u s e d by; (1) n a t u r a l t u r b u l e n c e , 
in a r od bund le wi th no s p a c e r s ; o r (2) flow sweep ing , in b u n d l e s wi th 
h e l i c a l s p a c e r s . The f i r s t of t h e s e mix ing p r o c e s s e s is c o n s i d e r e d be low . 

Al though R o g e r s and T o d r e a s * d i s c u s s e d the t u r b u l e n t - m i x i n g 
c o r r e l a t i o n s tha t have b e e n p r o p o s e d , h o w e v e r , they did not p r e s e n t the 
c o r r e l a t i o n s in g r a p h i c f o r m . F i g u r e I I I .C . l shows the m i x i n g r a t e s p r e 
d i c t e d by the c o r r e l a t i o n s . The following n o m e n c l a t u r e i s used ; P is r o d 
p i t ch , d i s r o d d i a m e t e r , dgi i s h y d r a u l i c d i a m e t e r (of subchanne l i ) , c i s 
r o d - t o - r o d s p a c i n g , Ui i s fluid v e l o c i t y , fi i s v i s c o s i t y , V i s k i n e m a t i c 
v i s c o s i t y , w i , k i s t u r b u l e n t mix ing r a t e b e t w e e n s u b c h a n n e l s i and k, and 
y ĵ ^ i s d i s t a n c e b e t w e e n c e n t r o i d s of channe l s i and k. The c o r r e l a t i o n s 
a r e p r e s e n t e d for m i x i n g b e t w e e n ad jacen t sVibchannels wi th i d e n t i c a l 
g e o m e t r i c c o n f i g u r a t i o n s . 

R a t h e r l a r g e d i s c r e p a n c i e s b e t w e e n the mix ing r a t e s a r e p r e 
d i c t e d by the v a r i o u s c o r r e l a t i o n s . The d i s c r e p a n c i e s a r e g r e a t e s t for 
s m a l l p / d , wh ich is the r a n g e of i n t e r e s t for l i q u i d - m e t a l r e a c t o r s . A 
q u e s t i o n a r i s e s a s to wha t u n c e r t a i n t y is i n t r o d u c e d into the l u m p e d -
p a r a m e t e r c a l c u l a t i o n s of p i n - b u n d l e h e a t - t r a n s f e r c h a r a c t e r i s t i c s a s a 

u l t of u n c e r t a i n t i e s in p r e d i c t i o n s of t u r b u l e n t mix ing r a t e s . 
r e s 

F i g u r e I I I .C.2 is a plot of the m a x i m u m s u r f a c e - t e m p e r a t u r e 
d i f f e r ence a r o u n d a r o d a d j a c e n t to the h e x a g o n a l - c a n wa l l in a 19-pin fuel 
bund le v e r s u s the t h e r m a l m i x i n g f ac to r YEDH. H E C T I C - I I I (a m o d i f i e d 
v e r s i o n of HECTIC-11)** was u s e d to c a l c u l a t e the p i n - b u n d l e h e a t - t r a n s f e r 

•Rogers. I. T., and Todreas, N. E., Coolant Uterchannel Mixing in Reactor Fuel Rod Bundles: Single-phase 
Coolatits Symposium on Heat Transfer in Rod Bundles, ASME (December 3, 1968). 

**Katchee,'N., and Reynolds, W. C , HECTIC-II, An IBM 7090 Fortran Computer Program for Heat Transfer 
Analysis'of Gas or Liquid Coolant Reactor Passages, lDO-28595 (Dec 1966). 
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c h a r a c t e r i s t i c s wi th input da t a of s o d i u m , P / d = 1.2, d = 0.303 in. , 
q = 10 k w / f t , U = 27 f t / s e c , and TQ = 780°F. F o r a s p a c e r - f r e e rod 
bundle , YEDH is s m a l l , of o r d e r 1. In th i s p o r t i o n of the c u r v e , an u n c e r 
t a in ty in YEDH of a f ac to r of 2 -3 l e a d s to an u n c e r t a i n t y in AT of 25-40%. 

Such r e s u l t s po in t to the need for eva lua t ing the a c c u r a c y of the 
l u m p e d - p a r a m e t e r c a l c u l a t i o n s . E x p e r i m e n t a l subchanne l t e m p e r a t u r e da ta 
a r e r e q u i r e d for th i s eva lua t ion , and such da ta have not yet been found in 
the l i t e r a t u r e . 

d. Hea t T r a n s f e r in L i q u i d - M e t a l Heat E x c h a n g e r s (R. P . Ste in) 

L a s t R e p o r t e d : A N L - 7 6 3 2 , p . 120 (Oct 1969). 

Add i t iona l c o m p u t a t i o n s have been p e r f o r m e d wi th the da ta o b 
t a ined f r o m the s o d i u m - t o - s o d i u m h e a t - e x c h a n g e r e x p e r i m e n t s . The 
e x p e r i m e n t s "were d e s i g n e d to i n v e s t i g a t e the effect of e c c e n t r i c p l a c e m e n t 
of the i n n e r p ipe of a doub l e -p ipe hea t e x c h a n g e r on the o v e r a l l h e a t - t r a n s f e r 
r a t e ( h e a t - e x c h a n g e r e f f e c t i v e n e s s ) . The effect of e c c e n t r i c p l a c e m e n t on 
h e a t - t r a n s f e r r a t e s was v e r y s m a l l even though the o u t e r - w a l l - t e i m p e r a t u r e 
d i s t r i b u t i o n s w e r e s t r o n g l y affected. 

The add i t iona l c o m p u t a t i o n s d e t e r m i n e d the c i r c u m f e r e n t i a l 
d i s t r i b u t i o n of loca l h e a t - t r a n s f e r coeff ic ients and a v e r a g e h e a t - t r a n s f e r 
coef f ic ien ts in the fully deve loped h e a t - t r a n s f e r r eg ions for an e x p e r i m e n t 
with full e c c e n t r i c p l a c e m e n t ( e c c e n t r i c i t y = 1). The tube - and a n n u l u s - s i d e 
P e c l e t n u m b e r s w e r e 675 and 248 . The h e a t - e x c h a n g e r e f fec t iveness was 
0.48, which was only about 13% l e s s than the va lue for c o n c e n t r i c p l a c e m e n t . 

C a l c u l a t e d t e m p e r a t u r e and hea t - f l ux d i s t r i b u t i o n s a t the i n n e r 
wa l l of the e c c e n t r i c a n n u l a r s p a c e a r e shown in F i g . I I I .C .3 , w h e r e t deno te s 
the t e m p e r a t u r e of the i nne r wal l of the annu la r s p a c e , tj o the t u b e - s i d e -

fluid inlet t e m p e r a t u r e , and q" 
the loca l hea t flux. A c i r c u m f e r 
ent ia l pos i t i on of 0 c o r r e s p o n d s 
to the loca t ion w h e r e , for an 
e c c e n t r i c i t y of un i ty , the i n n e r 
and ou te r p ipes w e r e in con tac t ; 
180° c o r r e s p o n d s to the p o s i t i o n 
of m a x i m u m annu la r s p a c e . L o c a l 
coeff ic ients w e r e b a s e d on the l o c a l 
hea t flux, loca l wal l t e m p e r a t u r e , 
and duct a v e r a g e fluid bulk t e m 
p e r a t u r e . A v e r a g e coef f ic ien t s 
w e r e b a s e d on the a v e r a g e h e a t 
flux, the a v e r a g e wal l t e m p e r a 
t u r e , and the fluid bulk t e m p e r a t u r e . 

60 90 120 

CifCumlefential Position, deg 

Fig. III.C.3. Calculated Inner-pipe Temperatures and 
Heat Fluxes vs Circumferential Position 
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Fig. II1.C.4. Calculated Local Heat-transfer Coefficient 
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T h e r a t i o s of l o c a l - t o - a v e r a g e 

c o e f f i c i e n t s ( h / h ) a s f u n c t i o n s of 

c i r c u m f e r e n t i a l p o s i t i o n a r e s h o w n 

in F i g . I I I . C . 4 f o r b o t h t h e t u b e a n d 

a n n u l a r s i d e s of t h e h e a t e x c h a n g e r . 

T h e t u b e - a n d a n n u l u s - s i d e 

c o e f f i c i e n t s a p p r o a c h z e r o a s t h e 

c i r c u m f e r e n t i a l p o s i t i o n a p p r o a c h e s 

t h e r e g i o n w h e r e t h e i n n e r a n d 

o u t e r t u b e s a r e in c o n t a c t . C o e f f i 

c i e n t s a r e s n n a l l i n m a g n i t u d e b e 

c a u s e h e a t f l u x e s a r e v e r y s m a l l 

n e a r t h i s r e g i o n . F o r c i r c u m f e r 

e n t i a l p o s i t i o n s b e t w e e n 0 a n d 7 0 ° , 

t u b e - s i d e "wall t e m p e r a t u r e s a r e 

s m a l l e r t h a n t h e t u b e - s i d e b u l k 

t e m p e r a t u r e , e v e n t h o u g h t h e 

d i r e c t i o n of t h e l o c a l h e a t f l u x e s i s f r o m t h e a n n u l u s s i d e to t h e t u b e s i d e . 

A s a r e s u l t , t u b e - s i d e c o e f f i c i e n t s a r e n e g a t i v e i n t h i s r e g i o n a n d e x h i b i t 

a n i n f i n i t e d i s c o n t i n u i t y a t a c i r c u m f e r e n t i a l p o s i t i o n of 7 0 ° , w h e r e w a l l a n d 

b u l k t e m p e r a t u r e a r e e q u a l . F o r c i r c u m f e r e n t i a l p o s i t i o n s l a r g e r t h a n 7 0 ° , 

w a l l t e m p e r a t u r e s a r e l a r g e r t h a n t h e b u l k t e m p e r a t u r e ; c o e f f i c i e n t s a r e 

p o s i t i v e a n d a r e n e a r l y u n i f o r m o v e r m o s t of t h e r e m a i n d e r of t h e c i r c u m 

f e r e n c e . A n n u l u s - s i d e c o e f f i c i e n t s i n c r e a s e m o n o t o n i c a l l y w i t h c i r c u m f e r 

e n t i a l p o s i t i o n a n d b e c o m e l a r g e w h e n c o m p a r e d t o t h e a v e r a g e v a l u e , b u t 

r e m a i n f i n i t e . 

T h e a v e r a g e t u b e - s i d e c o e f f i c i e n t w a s f o u n d t o b e 2 5 % l e s s t h a n 
t h e v a l u e c o m p u t e d f r o m t h e L y o n - M a r t i n e l l i e q u a t i o n . T h e a v e r a g e a n n u l u s -
s i d e c o e f f i c i e n t w a s f o u n d t o b e 8 0 % l e s s t h a n t h e v a l u e f o r c o n c e n t r i c p l a c e 
m e n t . B e c a u s e of t h e s m a l l t h e r m a l r e s i s t a n c e of t h e w a l l , t h e s e l o w v a l u e s 
of t h e a v e r a g e c o e f f i c i e n t s w o u l d h a v e a l a r g e i n f l u e n c e on t h e f u l l y d e v e l o p e d 
o v e r a l l h e a t - t r a n s f e r c o e f f i c i e n t . M e a s u r e m e n t s of b o t h a x i a l a n d c i r c u m 
f e r e n t i a l o u t e r - w a l l t e m p e r a t u r e d i s t r i b u t i o n s r e v e a l e d t h a t e c c e n t r i c p l a c e 
m e n t r e s u l t s in l a r g e r t h e r m a l - e n t r a n c e r e g i o n s t h a n w i t h c o n c e n t r i c 
p l a c e m e n t . A p p a r e n t l y , t h e a d d i t i o n a l m e c h a n i s m of c i r c u m f e r e n t i a l h e a t 
t r a n s f e r , a n d l a r g e r l o c a l a n n u l a r s p a c i n g , w i t h e c c e n t r i c p l a c e m e n t r e s u l t s 
in a r e q u i r e m e n t of a d d i t i o n a l h e a t - e x c h a n g e r l e n g t h o v e r t h e c o n c e n t r i c 
c a s e in o r d e r t o a t t a i n f u l l y d e v e l o p e d h e a t - t r a n s f e r c o n d i t i o n s . I t i s c o n 
c l u d e d t h a t t h e h i g h e r r a t e s of h e a t - t r a n s f e r c h a r a c t e r i s t i c of t h e r m a l -
e n t r a n c e r e g i o n s c o m p e n s a t e f o r t h e d e c r e a s e i n f u l l y d e v e l o p e d a v e r a g e 
h e a t - t r a n s f e r c o e f f i c i e n t s a n d t h e r e b y e x p l a i n t h e s m a l l e f f e c t of e c c e n t r i c i t y 
on h e a t - e x c h a n g e r e f f e c t i v e n e s s . 

T h e r e p o r t d e s c r i b i n g t h e s e i n v e s t i g a t i o n s h a s b e e n c o m p l e t e d . * 

*Bump, T. R., Stein, R. P., Featherstone, M. J., and Kimont, E. L., Effect of Eccentricity on Effectiveness 
pf a Sodium-to-Sodium Double-Pipe Heat Exchanger, accepted for presentation at and publication in the 
Proceedings of the Fourth International Heat Transfer Conference, Versailles, France August 31-
September 5, 1970. * 
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3. Engineering Mechanics (G. S. Rosenberg) 

a. Advanced Thermoelast ici ty (R. A. Valentin) 

Last Reported; ANL-7632, p. 121 (Oct 1969). 

(i) Solution of End-effect Problems Involving Nonplane Stress 
Fields in Short Cylinders and Contact Stresses between Cladding and Fuel. 
The mathematical analysis of the symmetric deformation of a finite cylinder 
having a perfectly bonded cladding has been completed. The associated 
computer programs are being debugged. 

(ii) Techniques of Numerical Approximation 

Not previously reported. 

A survey of available finite-element codes applicable to 
the class of thermoelast ici ty problems of interest is being completed. 
Initial reprogramnning of one such code is in progress ; various test prob
lems are being fornnulated. Consideration is being given to the use of a 
form of general-purpose orthonormalization code to supplement the finite-
element method in handling those problems for which an analytical approach 
would not be justified due to the excessive time necessary for solution. 

D. Chemistry and Chemical Separations 

1, Fuel Cycle Technology--Research and Development 

a. Adaptation of Centrifugal Contactors to LMFBR Process ing 
(G. J Bernstein) 

Not previously reported. 

A new program has been instituted to extend centrifugal mixer-
settler design to a configuration suitable for solvent extraction of LMFBR 
fuels. The advantages sought are geometric control of crit icality, reduced 
radiation damage to solvent (as a result of reduced residence time in the 
contactor), and increased ease of operation (including rapid flushouts). The 
scope of the program includes review studies of the design and performance 
of existing centrifugal mixe r - se t t l e r s , part icularly the Savannah River units, 
and correlat ion of performance with size and speed to serve as a starting 
point for the design and fabrication of an experimental unit of variable speed 
and the high length-to-diameter ratio generally necessary for cri t icali ty 
control. The experimental unit will have a maximum diameter of about 
4.5 in. Several alternative designs of mixer - se t t l e r s will be considered, 
with the objective of simplifying construction and operation. 



116 

The p r o g r a m a l so inc ludes o p e r a t i o n of the e x p e r i m e n t a l un i t . 
C o r r e l a t i o n and conso l ida t ion of the i n f o r m a t i o n ob ta ined wi l l a l low d e s i g n 
of a p ro to type that can be adopted by i n d u s t r y . H y d r a u l i c c a p a c i t y and 
m a s s - t r a n s f e r r a t e s wil l be m e a s u r e d wi th n a t u r a l u r a n i u m s o l u t i o n s ; no 
p lu tonium or f i s s ion p r o d u c t s will be u s e d . 

Ini t ia l i nves t i ga t i ons a r e u n d e r way wi th p l a s t i c m o d e l s of a 
s impl i f ied con tac to r c o n s t r u c t i o n . In th is de s ign , a hol low c y l i n d r i c a l r o t o r 
sp ins within a fixed, v e r t i c a l c y l i n d r i c a l t ube . The m i x i n g c h a m b e r c o n 
s i s t s of the annu la r s p a c e be tween the r o t o r and the t u b e . The o r g a n i c and 
aqueous p h a s e s en t e r at the top of the annulus and a r e m i x e d by sk in f r i c 
tion or by m e a n s of b l ades on the r o t o r and baff les on the f ixed tube a s t h e y 
flow downward th rough the annu la r c h a m b e r . The m i x e d p h a s e s l e a v e the 
annulus and e n t e r the hol low r o t o r (the cen t r i fuga l bowl) t h r o u g h an o r i f i c e 
in the bot tom of the r o t o r ; the o r g a n i c and aqueous p h a s e s a r e s e p a r a t e d by 
a centr i fugal fo rce as they m o v e u p w a r d in s ide the r o t o r , and a r e d i s c h a r g e d 
through a p p r o p r i a t e p o r t s a t the top of the r o t o r . An e x p e c t e d a d v a n t a g e of 
the annular mix ing c h a m b e r is tha t flow t h r o u g h it a p p r o x i m a t e s p lug flow, 
despi te the mix ing , and the c h a n c e s a r e s m a l l tha t any p a r t of the in l e t 
s t r e a m s will bypas s the mix ing zone . E q u i p m e n t of th i s g e n e r a l type wi l l 
be used to i nves t iga t e p h a s e mix ing and s e p a r a t i n g p e r f o r m a n c e in i n d e 
pendent uni ts as well as in a s ingle uni t combin ing both func t ions . 

The f i r s t mode l was u s e d wi th w a t e r to m e a s u r e the m i x i n g 
power input. By sea l ing the r o t o r inlet o r i f i c e , the sys tenn w a s m a d e non -
flowing and no power was u s e d for p u m p i n g . The OD of the r o t o r w a s 2-4 in. ; 
the fixed tube had an ID of 3-4-in. F o r th i s s m a l l un i t wi th a s m o o t h r o t o r 
and fixed tube, the mix ing p o w e r input was about 1 x lO""* hp at 800 r p m and 
1.7 X 10" hp at 2100 r p m . Over the s a m e r a n g e of m i x i n g s p e e d s , the p o w e r 
input with six b lades and eight baffles i n s t a l l e d was about s ix t i m e s the power 
input in the i r a b s e n c e . On the b a s i s of t h e s e t e s t s , it i s a n t i c i p a t e d tha t the 
d e s i r e d mix ing i n t e n s i t i e s can be ach ieved in a f u l l - s c a l e un i t whi le avoid ing 
excess ive emuls i f i ca t ion . 

C o n s t r u c t i o n of a p l a s t i c uni t having a 3 - i n . - O D r o t o r sp inn ing 
within a 3 f - i n . s t a t o r is n e a r l y c o m p l e t e . Th i s uni t h a s an i n t e r n a l r i n g 
dam which will p e r m i t m e a s u r e m e n t of flow r a t e s of a s ing le p h a s e u n d e r 
conditions s imula t ing ac tua l o p e r a t i o n . A f u l l - s c a l e p l a s t i c and s t a i n l e s s 
s teel con tac tor i s be ing d e s i g n e d to p e r m i t t e s t i n g u n d e r t w o - p h a s e flow 
condi t ions. 

b- Mol ten Meta l Dec ladd ing (R. D. P i e r c e ) 

(i) E n g i n e e r i n g D e v e l o p m e n t 

L a s t R e p o r t e d : A N L - 7 6 3 2 , pp . 123-124 (Oct 1969). 

(a) P l u t o n i u m and U r a n i u m R e c o v e r y . A d e c l a d d i n g p r o c e s s 
IS under study in which s t a i n l e s s s t ee l c ladding is f i r s t d i s s o l v e d in l iqu id z inc 
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having an overlying salt layer, and the resulting metal solution is then 
separated from the unreacted oxide fuel. (This process may also be appli
cable for Zircaloy cladding.) The oxide is subsequently dissolved in nitric 
acid in a separate vessel for feeding to an aqueous process . 

Ear l i e r , various cover salts were considered for the 
decladding step, and LiF-35 mole % NaF-10 mole % CaF2 eutectic was 
selected for the initial experiments (ANL-7632, p. 124). A cover salt is 
proposed to suppress zinc vaporization. An experiment has been perfornned 
to nneasure the cosolubility at 750 to 850°C of powdered uraniunn oxide and 
plutonium oxide in the selected cover salt with and without zinc present . 
Samples taken of the final salt solutions are being analyzed for uranium 
and plutonium. 

(ii) P rocess Demonstration Experiments 

Last Reported: ANL-7618, pp. 114-115 (Sept 1969). 

Small-scale experiments are being performed to develop 
experimental techniques for measuring the dissolution-disintegration rate 
of stainless steel in zinc as a function of several process variables, such 
as speed of agitation and concentration of stainless steel in zinc. These 
data will be used in designing experiments on a larger scale. The best 
procedure for determining dissolution-disintegration rates has been found 
to be a short exposure of a stainless steel sample to the decladding solution, 
followed by (1 ) vacuum retorting at 750°C to remove adhering zinc and 
(2) weighing to determine weight loss . 

Four runs of 15- or 30-min cluration were performed at 
800°C and with 0, 50, or 100 rpm agitator speeds. Tentative conclusions 
are that the dissolution-disintegration rate of Type 304 stainless steel 
increases with agitator speed and is unaffected by concentrations of dis
solved stainless steel in the melt up to 4 wt %. 

Engineering-scale equipment originally intended for demon
stration experiments of the sa l t - t ranspor t process has been completed for 
use in decladding studies with about 1 0 kg of simulated reactor fuel. Shake
down experiments are under way. 

c. Continuous Conversion of u / P u Nitrates to Oxides (N.M. Levitz) 

Not previously reported. 

Conversion of uranium nitrate and plutonium nitrate solutions 
(produced in reprocess ing plants) to an oxide form is a necessary and 
present ly expensive step in the nuclear fuel cycle. This conversion must 
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p rov ide the fuel f a b r i c a t o r wi th p o w d e r e d fuel ox ides s u i t a b l e for the f a b r i 
cat ion of fuel s h a p e s . In addi t ion , c o n v e r s i o n of f i s s i l e n i t r a t e s o l u t i o n s 
(including p lu ton ium n i t r a t e so lu t i ons ) to a p o w d e r f o r m i s , in i tself , of 
i n t e r e s t s ince powder is m o r e e a s i l y and sa fe ly sh ipped . 

C u r r e n t c o n v e r s i o n p r o c e s s e s c o n s i s t of a n u m b e r of s t e p s , 
among which a r e p r e c i p i t a t i o n , f i l t r a t i on , and c a l c i n a t i o n . An a l t e r n a t i v e 
to these p r o c e s s e s , which offers po t en t i a l e c o n o m i c a d v a n t a g e , i s con t inuous 
f luid-bed den i t r a t i on of u r a n i u m - p l u t o n i u m n i t r a t e so lu t i ons to a UO3-PUO2 
powder form, followed by f lu id -bed r e d u c t i o n to UO2-PUO2. T h i s p r o c e s s 
is based on ex tens ive f lu id -bed d e n i t r a t i o n t echno logy d e v e l o p e d for u r a n y l 
n i t r a t e and w a s t e a l u m i n u m n i t r a t e s o l u t i o n s . * An i n t e g r a t e d l a b o r a t o r y and 
pilot e n g i n e e r i n g - s c a l e e x p e r i m e n t a l p r o g r a m h a s been p l a n n e d . 

The l a b o r a t o r y p r o g r a m is d i r e c t e d t o w a r d an e a r l y c h a r a c t e r 
izat ion (compos i t ion and s t r u c t u r e ) of the p r o d u c t s f r o m (1) d e n i t r a t i o n of 
U-20% Pu feed so lu t ions and (2) h y d r o g e n r e d u c t i o n . In add i t ion , the s t ab i l i t y 
toward p r e c i p i t a t e f o rma t ion of U - P u feed so lu t ions o v e r a r a n g e of c o m p o 
s i t ions will be s tudied . L a b o r a t o r y - s c a l e d r o p - d e n i t r a t i o n e x p e r i m e n t s a r e 
being p e r f o r m e d to deve lop p r o c e d u r e s and t e chn iques for the d e n i t r a t i o n of 
u r a n i u m - p l u t o n i u m n i t r a t e so lu t i ons . 

The s i ze and type of equ ipmen t for e n g i n e e r i n g - s c a l e d e n i t r a t i o n 
of u r a n i u m - p l u t o n i u m n i t r a t e so lu t ions have been s e l e c t e d . E q u i p m e n t being 
obtained or des igned inc ludes the d e n i t r a t o r wi th i n t e r n a l f i l t e r s , a s e c o n d a r y 
f i l ter ou ts ide the d e n i t r a t o r , a c o n d e n s e r for r e c o v e r i n g n i t r i c ac id f r o m the 
of f -gas , a d e m i s t e r , a h e a t e r , a h igh-e f f i c i ency f i l t e r , and a s s o c i a t e d i t e m s 
( i .e . , feed and p r o d u c t - w i t h d r a w a l s y s t e m s , and i n s t r u m e n t a t i o n ) . The n i t r i c 
acid will be r e m o v e d f r o m the p r o c e s s off -gas in a c o n d e n s e r r a t h e r than 
d i sposed of by s c rubb ing with c a u s t i c or s o r p t i o n on a so l id . A d v a n t a g e s of 
condens ing in this e x p e r i m e n t a l se tup a r e (1) the ac id can be u s e d to d i s s o l v e 
p roduc t u r a n i a - p l u t o n i a , a l lowing r e c y c l e of th i s m a t e r i a l to the d e n i t r a 
to r , (2) fewer l iquid t r a n s f e r s out of and into the a lpha box wi l l be r e q u i r e d , 
and (3) condensa t ion a p p e a r s to be s i m p l e r and c h e a p e r than the o t h e r two 
m e t h o d s . 

B e c a u s e of the b r o a d e x p e r i e n c e with c y l i n d r i c a l c o l u m n s in 
e a r l i e r den i t r a t i on work , in i t ia l i nves t i ga t i ons wil l be done wi th a 4 - i n . - d i a 
cy l indr i ca l f lu id-bed d e n i t r a t o r of s t a i n l e s s s t ee l c o n s t r u c t i o n , wh ich is 
cons ide r ed c r i t i c a l l y safe for feeds conta in ing up to 20% p l u t o n i u m . The 
d e n i t r a t o r wil l have i n t e r n a l f i l t e r s and an e x t e r n a l - m i x s p r a y n o z z l e , and 
will be hea ted by h i g h - d e n s i t y Watlow h e a t e r s tha t a r e m e t a l - b o n d e d to the 
outs ide d e n i t r a t o r s u r f a c e and a r e capab le of d e l i v e r i n g 26 kW of h e a t . 
A p a r a l l e l effort will be the deve lopmen t of a s l a b - s h a p e d c o l u m n , w h i c h 
offers n u c l e a r c r i t i c a l i t y advan tages upon s c a l e - u p of h i g h - p l u t o n i u m 
s y s t e m s . 

Jonke, A. A., Petkus, E. J., Loeding, J. W., and Lawroski, S., Nucl. Sci. Eng.l, 303 (1957). 
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d. In-Line Analyses in Fabrication (M. J. Steindler) 

Not previously reported. 

The cost of fabrication represents a major portion of the total 
fuel-cycle cost for power reac to rs , and the competitive economic position 
of power production from nuclear reactors requires that such costs be 
reduced. Rigorous specifications have been set for FBR fuels. Because 
of the rigor of the fuel specifications, analytical methods and their applica
tion to the fabrication process and to the product have assumed great 
importance to the economics of the fuel cycle. The developnnent of ana
lytical methods capable of determining the physical and chemical propert ies 
of the fuel with the precision and accuracy required by the performance-
property relationship is quite important. 

Continuous in-line analytical methods are desirable for process 
control and product analysis in large-capacity fabrication plants that a re 
to operate on a sound economic basis . The accuracy and precision of such 
analytical methods will affect the fraction of acceptable mater ia l produced, 
and thus influence the overall cost of the fabricated fuel. However, it may 
not be possible or desirable to use continuous in-line procedures always. 
If this is the case, more conventional methods will be considered. 

The U/Pu ratio is an important fuel property, and its deter
mination will be a part of any conceivable fabrication procedure. In-line 
X-ray fluorescence analysis of the U/Pu ratio may be suitable for applica
tion to this problem. X-ray fluorescence analysis is a sensitive, non
destructive method in which exciting radiation (from an X-ray tube or 
radioactive source) impinges on the sample *nd causes the emission of 
radiation that is character is t ic of the elements present; by this method, 
uranium and plutonium concentrations can be determined rapidly and 
accurately. 

The relationship of the appropriate emission peaks for thorium 
and uranium is similar to that for uranium and plutonium. Hence resul ts 
for urania- thor ia should be applicable to urania-plutonia fuel mixtures with
out the plutonium hazards . Pre l iminary analyses on 2.5% U02-97.5% ThOa 
pellets have been car r ied out by X-ray fluorescence methods to demonstrate 
the analytical method. Pre l iminary resul ts indicate the feasibility of this 
method for analysis . 
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2 . G e n e r a l C h e m i s t r y a n d C h e m i c a l E n g i n e e r i n g - - R e s e a r c h a n d 

D e v e l o p m e n t 

a . T h e r m o p h y s i c a l P r o p e r t i e s 

( i ) P a r t i a l P r e s s u r e s of V a p o r S p e c i e s in t h e U - P u - O S y s t e m 

a n d i n t h e U - P u - O S y s t e m C o n t a i n i n g F i s s i o n P r o d u c t s 

( J . E . B a t t l e s a n d P . E . B l a c k b u r n ) 

L a s t R e p o r t e d : A N L - 7 6 1 8 , p p . 1 1 5 - 1 1 6 ( S e p t 1 9 6 9 ) . 

M a s s - s p e c t r o m e t r i c s t u d i e s of t h e v a p o r i z a t i o n of t h e 

u r a n i u m - p l u t o n i u m - o x y g e n L M F B R f u e l a r e b e i n g m a d e t o d e t e r m i n e t h e 

e q u i l i b r i u m p r e s s u r e s of t h e v a p o r s p e c i e s a s f u n c t i o n s of t e m p e r a t u r e 

a n d o x y g e n c o n c e n t r a t i o n . T h e s e d a t a a r e r e q u i r e d ( i ) t o e s t a b l i s h w h e t h e r 

m i g r a t i o n o c c u r s w i t h i n t h e fue l by v a p o r t r a n s p o r t a n d ( i i ) t o d e t e r m i n e 

m e t a l a n d o x y g e n a c t i v i t i e s of t h e f u e l . T h e s e a c t i v i t i e s a r e i m p o r t a n t i n 

d e t e r m i n i n g t h e n a t u r e of f i s s i o n p r o d u c t s ( i . e . , t h e i r p r e s e n c e a s o x i d e s , 

a l l o y s , o r e l e m e n t s ) , p a r t i c u l a r l y t h o s e c o r r o s i v e t o c l a d d i n g o r t h o s e c o n 

t r i b u t i n g to f u e l s w e l l i n g . T h e d a t a w i l l b e u s e d t o e s t a b l i s h m e t h o d s f o r 

c o n t r o l l i n g c l a d d i n g a t t a c k a n d s o m e a s p e c t s of f u e l s w e l l i n g . T h e p r o g r a m 

w i l l f i r s t c o n c e n t r a t e o n t h e p u r e f u e l , i . e . , U o . g P u o ^ O z i x , c o r r e s p o n d i n g t o 

z e r o i r r a d i a t i o n . S t u d i e s \v i l l t h e n b e m a d e of s i m u l a t e d i r r a d i a t e d f u e l 

w i t h f i s s i o n p r o d u c t s . 

A t r a v e r s e e x p e r i m e n t ( s i m i l a r t o t h a t r e p o r t e d i n t h e 

P r o g r e s s R e p o r t f o r J u n e 1 9 6 9 , A N L - 7 5 8 1 , p . 1 1 3 ) u s i n g a n i r i d i u m e f f u s i o n 

c e l l h a s b e e n c o m p l e t e d . T h e s a m p l e ( 0 . 7 g of ^^^UO2-20 w t % PUO2) w a s 

h e a t e d a t ~ 2 2 6 4 ° K f o r 1 3 h r w h i l e m o n i t o r i n g t h e i o n i n t e n s i t i e s r e s u l t i n g 

f r o m i o n i z a t i o n of t h e v a p o r s p e c i e s 

U O , UO2, U O 3 , P u O , a n d P u 0 2 - - t h e 

o n l y s p e c i e s d e t e c t e d . T h e v a r i a 

t i o n of t h e m e a s u r e d i o n i n t e n s i t i e s 

a s a f u n c t i o n of t i m e i s s h o w n i n 

F i g . I I I . D . l . T h e i o n i n t e n s i t i e s 

w e r e d e t e r m i n e d u s i n g a n i o n i z i n g 

e l e c t r o n e n e r g y of 15 e V f o r UOs"*" 

a n d PUO2 + , a n d 11 e V f o r U O + , UO2+, 

a n d P u O + . S i n c e t h e e l e c t r o n e n e r 

g i e s ( E ) a r e 5 t o 6 e V g r e a t e r t h a n 

t h e r e s p e c t i v e a p p e a r a n c e p o t e n t i a l s 

( A P ) , n o c o r r e c t i o n f o r t h e d i f f e r 

e n c e b e t w e e n E a n d A P w a s n e c e s 

s a r y ( s e e P r o g r e s s R e p o r t f o r 

A p r i l 1 9 6 8 , A N L - 7 4 4 5 , p p . 1 2 4 - 1 2 7 ) . 

T h e v a r i a t i o n s of t h e i o n i n t e n s i t i e s 

d u r i n g t h e e x p e r i m e n t , i . e . , t h e 

Fig. III.D.l. Variations of the Intensities of UO2''", UO'*', 
UO3+, PU02''', and PuO ̂  as a Function of 
Time at Constant Temperature (~2264°K). 
(The O/M atom ratio was I.973 at start 
of expenment and I.945 at conclusion.) 

file:///vill
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d e c r e a s e for UO3"'", UO2''", and PUO2''" and the i n c r e a s e for UO"*" and PuO"*", a r e 
c o n s i s t e n t wi th the o b s e r v e d d e c r e a s e in the O/M a tom r a t i o of the c o n d e n s e d 
m a t e r i a l f r o m I .973 to I . 9 4 5 . The a r r o w in F i g . I I I .D. l i n d i c a t e s the poin t 
at wh ich the s a m p l e was coo led to r o o m t e m p e r a t u r e ove rn igh t . 

S ince the vapo r and condensed p h a s e s w e r e u n d e r g o i n g 
g r a d u a l c h a n g e s , an ind ica t ion of e q u i l i b r i u m or n o n e q u i l i b r i u m behav io r 
c a n be ob ta ined by d e t e r m i n i n g the e q u i l i b r i u m cons t an t s for the v a p o r -
p h a s e r e a c t i o n s 

UO(g) + U03(g) = 2U02(g) (^uo2r 
uo,^uo 

(1) 

a n d 

PuO(g) + U02(g) = UO(g) + Pu02(g) 
^ O ^ P u O z 

l p u O % 0 2 ' 
(2) 

PuO(g) + U03(g) = U02(g) + Pu02(g) K , K1K2. (3) 

The e q u i l i b r i u m c o n s t a n t s c a l c u l a t e d for the above r e a c t i o n s w e r e c o n s t a n t 
when p lo t t ed a s a function of t i m e , t h e r e b y i n c r e a s i n g the conf idence in the 

r e l i a b i l i t y of the m e a s u r e m e n t s of t e m p e r a 
t u r e dependency and effusion r a t e . 

The t e m p e r a t u r e dependency of the 
vapor s p e c i e s ove r the m i x e d oxide m a t e r i a l 
(^^5UO2-20 wt»% PUO2) was d e t e r m i n e d in a 
s e r i e s of e x p e r i m e n t s u s i n g an i r i d i u m effu
s ion cel l and a l a r g e s a m p l e (~1.5 g in i t i a l l y ) . 
The v a r i a t i o n of the ion in t ens i ty as a funct ion 
of r e c i p r o c a l t e m p e r a t u r e (log IT v e r s u s 1 / T ) 
for a typ ica l e x p e r i m e n t is shown in F i g . III .D.2 . 
The e x p e r i m e n t a l p r o c e d u r e was the s a m e as 
p r e v i o u s l y r e p o r t e d (see P r o g r e s s R e p o r t for 
O c t o b e r 1968, A N L - 7 5 1 3 , pp . 127-130) . The 
p a r t i a l en tha lp i e s of sub l ima t ion w e r e d e t e r 
m i n e d f r o m the s lope of a l e a s t - s q u a r e s fit of 
the da t a . The va lues a r e s u m m a r i z e d in 
Tab le I I I . D . l . The c o m p o s i t i o n s ( O / M a t o m 
r a t i o s ) shown in Tab le I I I .D. l for the so l id 
p h a s e w e r e d e t e r m i n e d p r i o r to the 
t e m p e r a t u r e - d e p e n d e n c y m e a s u r e m e n t s . 
As d i s c u s s e d above, the ion i n t e n s i t i e s of the 
s e v e r a l s p e c i e s changed c o n s i d e r a b l y as the 
O / M a t o m r a t i o of the so l id p h a s e d e c r e a s e d 

Fig. IILD.2 
Variation of Intensities of UO'*', U02''', 
UO3+, PuO+, and PU02''' Observed 
over UO2-PUO2 as a Function of Re
ciprocal Temperature. (O/M = I.964) 
Run IUP-4A-5. 
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f rom 1.973 to 1.945. S i m i l a r l y , the c o m p o s i t i o n of the vapor and so l id p h a s e s 
unde rwen t s m a l l changes dur ing the t e m p e r a t u r e - d e p e n d e n c y m e a s u r e m e n t s , 
which r e s u l t e d in c o n s i d e r a b l e s c a t t e r in the m e a s u r e d ion i n t e n s i t i e s , p a r 
t i c u l a r l y for the m i n o r s p e c i e s . C o n s e q u e n t l y , the s t a n d a r d d e v i a t i o n s in 
the m e a s u r e d en tha lp ies a r e l a r g e r than n o r m a l . A l s o , the low i n t e n s i t y of 
UO"*" (over m o s t of the t e m p e r a t u r e r a n g e ) l e a d s to c o n s i d e r a b l e u n c e r t a i n t y 
in the a c c u r a c y of the enthalpy obta ined for th i s s p e c i e s . S ince the c o m p o 
s i t ion of the so l id p h a s e changed con t inuous ly du r ing th i s s e r i e s of m e a s u r e 
m e n t s , a s i m i l a r v a r i a t i o n m i g h t be expec t ed in the e n t h a l p i e s for the s e v e r a l 
s p e c i e s . The da ta in Tab le I I I .D. l i nd i ca t e such a t r e n d in the en tha lpy of 

+ UOz"*", w h e r e a s the t r e n d is not a p p a r e n t in the da ta for the o t h e r s p e c i e s 
(UO+ excluded) . 

I.D.l. Mass Spectrometrically Determined Partial Enthalpies of Sublimation 
for ttie Vapor Species in the Ternary System U-Pu-O. 

Run No. 

IUP-4A-1 

IUP-4A-3 

IUP-4A-5 

IUP-4A-7 

IUP-4A-9 

IUP-4A-U 

Temperature 
Range 
l°K) 

1959-2299 

1938-2263 

1928-2290 

1971-2350 

1994-2387 

2093-2370 

Composition of 
Solid Phase 

(0/IVl) 

I.973-2.OO4 

1.973 

1.964 

1.962 

1.90,'' 

1.934 

PuO 

125.87 ± 2.84 

126.10 ± 2.23 

123.06 ± 1.34 

126.73 ± 127 

12261 ± 1.57 

120.25 ± 2.42 

Partial Enthalpy^ of Sublimation (kcal/mol 1 

Pu02 

130.72 ± 2.09 

137.41 ± 2.08 

140.35 ± 1.25 

140.05 ± 1.64 

138.70 ± 2.25 

138.14 ± 2.12 

UO 

132.38 ± 4.57 

138.36 ± 2.87 

143.13 ± 3.87 

154.54 ± 5.40 

126.47 ± 3.67 

UO2 

148.15 ± 1.79 

149.06 ± 0.67 

148.05 ± 0.86 

146.34 ± 0.99 

144.60 ± 1.30 

143.79 ± 1.63 

UO3 

159.14 ± 3.43 

162.07 ± 1.82 

160.49 + 1.89 

154.83 ± 1.70 

157.66 ± 2.48 

155.77 ± 2.22 

^The errors listed are standard deviations; an ionizing electron energy of 11 eV was used for measurements of PuO"*", UO'*', 
and 002"^, whereas 15 eV was used for measurements of Pu02^ and 603"*". 

^The oxygen analysis for this sample is believed to be incorrect. 

The r a t e of m a s s effusion was d e t e r m i n e d by the \veight-
loss method in an a l t e r n a t e s e r i e s * with the t e m p e r a t u r e - d e p e n d e n c y 
n n e a s u r e m e n t s . F r o m the r a t e s of m a s s effusion, va lues of v ap o r p r e s s u r e 
w e r e ca lcu la ted on the b a s i s that the vapor p h a s e was e n t i r e l y ^^^U02(g); 
U02(g) is the ma jo r vapor s p e c i e s (see F i g . I I I .D.2) . The r e s u l t s f r o m the 
s e v e r a l m e a s u r e m e n t s a r e s u m m a r i z e d in T a b l e I I I .D.2 . The ion i n t e n s i t i e s 
d e t e r m i n e d dur ing the effusion m e a s u r e m e n t s have a l so been inc luded . In 
the s e r i e s of m e a s u r e m e n t s conc luded thus fa r , the O / M a t o m r a t i o of the 
solid phase d e c r e a s e d in each s u c c e e d i n g e x p e r i m e n t wi th a d e c r e a s e in 
the total vapor p r e s s u r e . The p r e s s u r e ove r Puo.2Uo.8O1 .,38 w a s about 
one half of that over PU0.2U0.301,973. A n a l y s i s of the i o n - i n t e n s i t y da ta 
(see Table III .D.2) i nd i ca t e s that the c o m p o s i t i o n of the vapor p h a s e changed 
apprec iab ly as the O / M a tom r a t i o of the sol id d e c r e a s e d in e a c h s u c c e e d i n g 
exper imen t . The m o s t s igni f icant changes o c c u r r e d in the ion i n t e n s i t i e s 
of PuO+, UO+, and UO3+. 

Using the same sample, 1UP-4A, the even and odd numbered experiments are vapor pressure and temperature-
dependency measurements, respectively. 

file:///veight
http://Puo.2Uo.8O1
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TABLE III.D.2. Total Vapor Pressure and Ion Intensities 
for the Vapor Species in the Ternary System U-Pu-O 

Run No. 

I U P - 4 A - 2 
I U P - 4 A - 4 
1UP-4A-6 
I U P - 4 A - 8 
I U P - 4 A - 1 0 
I U P - 4 A - 1 2 

T e m p 
(°K) 

2241 
2242 
2239 
2240 
2240 
2239 

Com 
So 

pos i t ion^ of 
lid P h a s e 
( O / M ) 

1.973 

1 .964 

1.962 

1 .952 
1.909*= 
1 . 9 3 4 

P r e s s u r e 

( a t m ) 

1 .45 X 1 0 - ' 

1 .16 X 1 0 " ' 

9 . 7 8 X 1 0 - ' 

8 . 1 8 X 1 0 - ' 

7 . 4 5 X 1 0 " ' 

7 , 0 3 1 X 1 0 - ' 

P u O + 

0 . 0 5 7 

0 , 0 7 6 

0 , 0 9 5 

0 , 1 4 2 

0 , 1 7 5 

0 , 1 9 6 

I o n 

P u O ; + 

0 , 0 3 4 

0 , 0 2 9 
0 , 0 2 7 

0 . 0 2 5 

0 , 0 2 4 

0 , 0 2 2 

I n t e n s i t y 

U O + 

0 , 0 0 3 

0 , 0 0 3 

0 , 0 0 5 

0 . 0 0 6 

0 . 0 0 8 

0 . 0 1 0 

b 

U 0 2 + 

0 , 7 7 7 

0 , 7 9 9 
0 . 8 0 3 

0 . 7 8 6 

0 , 7 6 5 

0 . 7 5 1 

UOj"*" 

0 , 1 3 0 

0 , 0 9 5 

0 , 0 7 0 

0 , 0 4 1 

0 . 0 2 8 

0 . 0 2 1 

*The O/M atom ratio was determined from samples taken at the conclusion of the experiment. 
These values represent the fraction of the total ion current. The ion currents were cor
rected for isotopic composition. Corrections for ionization cross sections and multiplier 
efficiency were not made. 

^The oxygen analysis for this sample is believed to be incorrect. 

(ii) P h a s e D i a g r a m of the U - P u - O S y s t e m Conta in ing F i s s i o n 
P r o d u c t s (Nonrad ioac t i ve ) (H. Chen, 1. Johnson , and 
P . E. B lackburn ) 

L a s t R e p o r t e d : A N L - 7 6 1 8 , pp. 117-118 (Sept 1969). 

Among the m a n y f a c t o r s p o s s i b l y r e l a t e d to the f a i l u r e of 
fuel in f a s t - b r e e d e r r e a c t o r s a r e c h e m i c a l r e a c t i o n s be tween the fuel 
m a t r i x , the f i s s ion p r o d u c t e l e m e n t s , and the c ladding m a t e r i a l s . The p u r 
p o s e of t h i s s tudy is to obta in for t h e s e c h e m i c a l p r o c e s s e s t he rmodynann ic 
data which wil l be useful for the des ign of fuel s y s t e m s having a su i t ab ly 
long l i f e t i m e . 

A n a l y s e s of i r r a d i a t e d oxide^fuel sugges t tha t iodine and 
c e s i u m , which can p e n e t r a t e the g r a i n b o u n d a r i e s of s t a i n l e s s s t e e l , have 
a c l o s e r e l a t i o n to the c o r r o s i o n of the c l add ing . The p o s s i b i l i t y of t r a n s 
p o r t of i r o n by iodine f rom the s t a i n l e s s s t ee l c ladding into the fuel by a 
Van A r k e l - d e B o e r type of p r o c e s s is unde r s tudy. As p r e v i o u s l y r e p o r t e d 
(ANL-7618) , it h a s been e x p e r i m e n t a l l y o b s e r v e d that at 900°C f r ee iodine 
is r e l e a s e d f r o m Cs l -I- UO2-1-X when x s 0.18, and the f r ee iodine wil l a t t a c k 
s t a i n l e s s s t e e l , giving i n t e r g r a n u l a r c o r r o s i o n s i m i l a r to tha t o b s e r v e d in 
i r r a d i a t e d fuel ( see P r o g r e s s R e p o r t for A p r i l - M a y 1969, A N L - 7 5 7 7 , 
pp . 144-149) . 

In a fu r the r i nves t i ga t i on of the n a t u r e of the c h e m i c a l 
r e a c t i o n be tween Cs l and U02+x> m i x t u r e s of the two compounds w e r e 
hea t ed to 825°C in fused s i l i c a t u b e s . The tubes had s m a l l c a p i l l a r y open 
ings a t one end to p e r m i t the e s c a p e of the iodine p r o d u c t and the u n r e a c t e d 
C s l . The s a m p l e s of UO2-1-X tha t w e r e u s e d had va lues of x be tween 0.002 
and 0 .667. The ex ten t of r e a c t i o n , as d e t e r m i n e d f r o m the gain in we igh t 
of the u r a n i u m oxide , was n e a r l y l i n e a r l y p r o p o r t i o n a l to the va lue of x. 
F o r the e x p e r i m e n t s in which < 5 at , % c e s i u m was r e t a i n e d in the oxide 
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m a t r i x , X - r a y examina t i on of the r e a c t i o n p r o d u c t i n d i c a t e d the p r e s e n c e 
of only the u r a n i u m oxide p h a s e s (U02-fx, U4O9, o r UsOs) wh ich would be 
expec ted f r o m the va lue of x. H o w e v e r , when 5 at . % o r m o r e of c e s i u m 
was r e t a i n e d in the oxide m a t r i x (x > 0.3), s e v e r a l w e a k X - r a y l i n e s w e r e 
o b s e r v e d which could not be a t t r i b u t e d to t h e s e u r a n i u m o x i d e s . T h e s e 
l ines w e r e found to c o r r e s p o n d to the s t r o n g l i n e s r e p o r t e d * for the p r o d u c t 
f o r m e d by the ca l c ina t i on of CS2UO4 at 1000°C in a i r . The s t r u c t u r e and 
compos i t i on of t h i s d e c o m p o s i t i o n p r o d u c t h a v e not b e e n e s t a b l i s h e d ; how
eve r , it i s a p p a r e n t l y m o r e s t a b l e than CS2UO4 with r e s p e c t to the r e a c t i o n 
wi th iodine and is capab le of r e t a i n i n g s ign i f i can t q u a n t i t i e s of c e s i u m at 
high t e m p e r a t u r e even at a r e l a t i v e l y high iodine ac t i v i t y . T h e r m o d y n a m i c 
a n a l y s i s i n d i c a t e s tha t c ladding c o r r o s i o n by a Van A r k e l - d e B o e r t r a n s p o r t 
p r o c e s s as p r o p o s e d is v e r y l ike ly to o c c u r for a fuel s y s t e m wi th an in i t i a l 
O / M r a t i o v e r y c lo se to 2. F u r t h e r e x p e r i m e n t s a r e p l a n n e d to e s t a b l i s h 
the s tab i l i ty of th is C s - U - O t e r n a r y compound at the low oxygen p a r t i a l 
p r e s s u r e s c h a r a c t e r i ' s t i c of r e a c t o r fuel s y s t e m s . 
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A C o n c e p t u a l D e s i g n Study of a F l u o r i d e - v o l a t i l i t y P l a n t for R e p r o c e s s i n g 
L M F B R F u e l s 

A N L - 7 5 8 3 (July 1969) 

The fol lowing a p p e a r e d a s A b s t r a c t s in T r a n s . A m . Nuc l . Soc . 1 2(2 ) 
(Nov 1969): 

R e p r o c e s s i n g of S i m u l a t e d F a s t B r e e d e r F u e l (UO2-2O wt % PUO2) Us ing 
F l u o r i d e Vo la t i l i t y M e t h o d s 

L . J . A n a s t a s i a and M. J . S t e i n d l e r 
p . 446 

H y d r a u l i c I m p e d a n c e : A Tool for P r e d i c t i n g Boi l ing Loop S tab i l i ty 
T . T . A n d e r s o n 

p . 833 

T h e r m a l - N e u t r o n R a d i o g r a p h y wi th ^"Cf and O t h e r S m a l l S o u r c e s 
J . P . B a r t o n and M. F . K l o z a r 

p . 465 

P r o p e r t i e s and I r r a d i a t i o n B e h a v i o r of T h - U - P u Al loys 
B. B l u m e n t h a l , D. R. O 'Boy le , and W. N. Beck 

p . 558 
E x p l o s i v e T e c h n i q u e for P r e s s u r e P u l s e T e s t i n g of R e a c t o r C o m p o n e n t s 

B . L . B o e r s 
p . 828 

M e c h a n i c a l and T h e r m a l A n a l y s i s of C y l i n d r i c a l F u e l E l e m e n t s d u r i n g 
O f f - N o r m a l C o n d i t i o n s a f te r E x t e n d e d B u r n u p 
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p . 534 
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p. 523 
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p. 565 
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p. 859 
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Some Considerations of the Behavior of Fiss ion-Gas Bubbles in Mixed-
Oxide Fuels 

C.-Y. Li, S. R. Pati, R. B. Poeppel, R. O. Scattergood, and 
R. W. Weeks 

p. 531 
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P. A. Moldauer 
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IV. N U C L E A R S A F E T Y R E S E A R C H AND D E V E L O P M E N T 

A. L M F B R S a f e t y - - R e s e a r c h and D e v e l o p m e n t 

1. Acc iden t A n a l y s i s and Safety E v a l u a t i o n 

a. D i s a s s e m b l y A c c i d e n t s and P o s t - b u r s t E v e n t s (G. J . F i s c h e r ) 

L a s t R e p o r t e d : A N L - 7 6 0 6 , pp. 123-124 (Aug 1969). 

(i) C r i t i c a l i t y of the F F T F dur ing Mel tdown. C a l c u l a t i o n s have 
been m a d e to d e t e r m i n e the amoun t of s u p e r c r i t i c a l i t y of the F F T F r e a c t o r 
co re th rough s lumping induced by decay hea t of f i s s i o n p r o d u c t s . T w o -
d i m e n s i o n a l c a l cu l a t i ons w e r e p e r f o r m e d us ing 29 g r o u p s , a v e r a g e d by 
h e t e r o g e n e o u s MC^ ca l cu l a t i ons for the F F T F s p e c t r u m . The fol lowing 
conf igura t ions "were i n v e s t i g a t e d : 

1. Comple t e me l tdown of the c o r e , wi th h o m o g e n e o u s 
mixing of the inner and ou te r c o r e fuel z o n e s , a s we l l as the uppe r and 
lower n icke l r e f l e c t o r s . Responding to the i n c r e a s e in the d e n s i t y of the 
c o r e , the r e a c t i v i t y i n c r e a s e s by a p p r o x i m a t e l y 7% on c o l l a p s i n g a p p r o x i 
mate ly 15 cm. 

2. Comple te me l tdown and s e p a r a t i o n of s t e e l and fuel 
(e .g . , by g r a v i t a t i o n a l f o r c e s a n d / o r by boi l ing of s t ee l ) would c a u s e a 
r e a c t i v i t y i n c r e a s e of a p p r o x i m a t e l y 30%. 

3. Subs t i tu t ion of the n i cke l in the uppe r and l o w e r r e 
f lec tor by dep le ted UO2 showed a l e s s s e v e r e r e a c t i v i t y i n c r e a s e (18% 
ins tead of 30%) dur ing mel tdown, s i nce no s e p a r a t i o n of the c o r e f r o m 
blanket m a t e r i a l s can be expec ted . This f o r m of m i x i n g could be e x c e p 
t ional ly i m p o r t a n t for r e a c t o r s of s i z e s a p p r o p r i a t e to lOOO-MWe d e s i g n s 
as a po ten t ia l way to p r e v e n t s u p e r c r i t i c a l i t y on s l u m p i n g . 

2- Coolant Dynamics (J . F . M a r c h a t e r r e ) 

a- Sodium S imula t ions (M. A. G r o l m e s and H. K. F a u s k e ) 

L a s t R e p o r t e d : A N L - 7 6 1 8 , pp. 124-125 (Sept 1969). 

(i) Expu l s ion of N o n m e t a l l i c F l u i d s f r o m S i n g l e - t u b e G e o m e 
t r i e s (Static T e s t s ) . Our p r e v i o u s l y d e s c r i b e d expu l s ion e x p e r i m e n t s 
employed nonme ta l l i c f luids to s i m u l a t e the t r a n s i e n t f l a sh ing b e h a v i o r of 
liquid m e t a l s in confined g e o m e t r i e s . The m a i n r e a s o n for us ing n o n m e 
ta l l ic fluids was to o b s e r v e the flow p a t t e r n s . With the a p p r o p r i a t e flow 
r e g i m e s d e t e r m i n e d , a n a l y t i c a l m o d e l s c a n b e f o r m u l a t e d to p r e d i c t the r a t e 
of void growth and c o l l a p s e within the coo lan t channe l , and the m o d e l s c a n b e 
t e s t ed with l i q u i d - m e t a l da ta . 
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In the s e l e c t i o n of s i m u l a t i o n c r i t e r i a for l iquid m e t a l s at 
low p r e s s u r e s , at l e a s t the effects of high t h e r m a l d i f fus iv i t i e s , s u p e r 
h e a t i n g , and l a r g e l i q u i d - t o - v a p o r dens i ty r a t i o s should be c o n s i d e r e d . 

The r a t i o of l iquid to vapor d e n s i t y . 

^'•LM ^ ^ ' N M 

i s an i m p o r t a n t p a r a m e t e r in mode l ing any t w o - p h a s e ilo^^ r e g i m e . To 
obta in s i m i l a r i t y of dens i t y r a t i o wi th l iquid m e t a l s (LM) at a t m o s p h e r i c 
p r e s s u r e , c o m m o n n o n m e t a l l i c f luids (NM) m u s t be c o m p a r e d a t s u b -
a t m o s p h e r i c p r e s s u r e s . 

The ab i l i ty of the a lka l i l iquid m e t a l s to s u s t a i n l a r g e 
s u p e r h e a t s be fo re n u c l e a t i o n r e s u l t s f r o m the i r i n t ense we t t ab i l i t y and 
p h y s i o c h e m i c a l i n t e r a c t i o n s wi th the hea t ing s u r f a c e (cleaning ac t i on ) , a s 
w e l l a s t h e r m o p h y s i c a l p r o p e r t i e s . F r o m the f o r m u l a e x p r e s s i n g the e x c e s s 
vapo r p r e s s u r e in a cavi ty r e q u i r e d for nuc l ea t i on , the following c r i t e r i o n 
can be c o n s i d e r e d to c o n t r i b u t e to the s i m i l a r i t y of l iquid m e t a l and non -
m e t a l l i c f luid: 

aT sa t 1 
\ / ( i ^ \ = 1 . (2) hr P / / I h , p 

fg g / L M / V ^g g / N M 

F o r l i q u i d - t o - v a p o r dens i t y r a t i o s c h a r a c t e r i s t i c of s o d i u m for 1-3 a t m , it 
can be shown tha t F r e o n - 1 1 or F r e o n - 1 1 3 c o m e v e r y c lo se to sa t i s fy ing 
r e l a t i o n (2). In add i t ion , e x p e r i e n c e has shown tha t F r e o n - 1 1 w e t s and 
c l e a n s g l a s s s u r f a c e s e x t r e m e l y w e l l . S u p e r h e a t s up to 150°F have been 
ob ta ined r e a d i l y a f t e r only m o d e s t c l e a n s i n g of the g l a s s be fo rehand ; s i m i l a r 
r e s u l t s can be ob ta ined wi th w a t e r only af ter ex t ens ive d e g a s s i n g and 
c l e a n s i n g of s u r f a c e s with c h r o m i c ac id . 

The l a r g e t h e r m a l d i f fus iv i t ies of l iquid m e t a l s r e s u l t in 
r a t h e r sha l low r a d i a l - t e m p e r a t u r e g r a d i e n t s in the coolant channe l be fo re 
n u c l e a t i o n and r a p i d vapor g r o w t h i m m e d i a t e l y a f te r n u c l e a t i o n . With 
s u b s t a n t i a l s u p e r h e a t i n g , the f o r m e r effect wi l l l ead to ne t boil ing ( s a t u r a t e d 
boi l ing) for a l iqu id m e t a l , but a n o n m e t a l l i c fluid s u b j e c t e d to an equ iva len t 
hea t f lux* and l e s s s u p e r h e a t i n c u r s subcoo led boi l ing and d i f fe ren t flow 
p a t t e r n s . Tha t s i t ua t ion can be avo ided in n o n m e t a l l i c fluids if d e p r e s 
s u r i z a t i o n ( r ap id or s low) is e m p l o y e d to s u p e r h e a t the fluid wi th no r a d i a l 

*Hear flux similarity is assured by the criterion 
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temperature gradients. The inert ia-l imited vapor growth associated with 
superheated liquid metals at low p ressu res causes local pressur izat ion 
that tends to deactivate other potential nucleation s i tes , and therefore favors 
the growth of a single bubble. On the other hand, a fluid of low thermal 
conductivity might experience considerably slower vapor growth, so that 
little or no pressurization occurs, resulting perhaps in the nucleation of 
many bubbles. Thus the simulation of the early vapor growth rate appears 
necessary to model correctly the flow pattern in a superheated liquid metal . 
With the equation of motion of a liquid column of height LQ in a confined 
channel of equivalent diameter Do (the motion of the column being due to a 
growing bubble), together with the Plesset-Zwick equation for bubble growth 
rate (asymptotic conduction solution), the cri terion 

, 2 
Ja ap.Lo \ / / J a a p „ L o \ 

^i ^ / ( ^1 \ ;=. 1 (3) VDo^(Psat-Po)^j^/ \^l(^s.t-Pol^ 

indicates a similar initial vapor growth rate . Thus, with liquid-to-vapor 
density ratio, superheat, and geometric similari ty, Table IV.A.l i l lustrates 
to what degree some common nonmetallic fluids satisfy Eq. (3). As a resul t 
of the previous characteris t ics cited, together with the excellent vapor 
growth simulation illustrated in Table IV.A.l, Freon-11 and Freon-113 have 
been used as the principal simulants in our ongoing experiments. 

TABLE IV.A.l. Illustration of Simulation 
of Vapor Growth Rate 

Na/NM 
Ja^ap.X / / J a ^ a p 

P - P / / \ P p 
sat ^ " / N a / V sat'-^o/j^jj^ 

N a / p - l l ^ ~1 

Na/HzO a 20 

Na/CHjOH Kl4 

F-113 is equally suitable. 

Experimental data, ranging in initial superheats from 50 to 
130°F, were obtained recently for the slug expulsion of Freon-113 from a 
constant-diameter channel. The energy and momentum equations are 
coupled numerically in analyses of the expulsion problem. The energy 
equation accounts for not only the energy transported across the upper and 
lower liquid-vapor interfaces, but also that t ransported across the wall 
film-vapor interface. In calculating the energy contribution of the wall film, 
a thin thermal boundary layer was assumed to exist. The variation in the 
thickness of the thermal boundary layer as a function of exposure t ime and 
position along the vapor space was taken into account. The good agreement 
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between the experimental data and the coupled solution is indicated in 
Fig. IV.A.l, in which the uncoupled energy and momentum solutions are 
presented for comparison. 
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Fig. IV.A.l 

Comparison of Measured and 
Calculated Vapot-slug Growth. 
Initial Superheat = 59°F. 

Time, msec 

3. Fuel Meltdown Studies with TREAT 

a. Experimental Support (C . E. Dickerman) 

Last Reported: ANL-7640, pp. 130-136 (Nov 1969). 

(i) Stress Analysis of Mark-II TREAT Loop with Dump Tank. 
The "B-3" Mark-II TREAT loop, to be used for the first loop experiment 
on mixed-oxide-fuel meltdown in TREAT, is the first of the Mark-II loops 
to be equipped with a dump tank. A s t ress analysis has been performed to 
show that the loop design with dump-tank piping is acceptable from the 
standpoint of thermal s t r esses in both norm^al operation and in the event the 
loop rupture disk breaks , dumping hot sodium into the blowout line. 

The analysis of the dump piping, comprised of the blowout 
line from loop proper to safety tank, safety tank, and the fill and overflow 
lines from tank to loop proper, results in a conservative estimate of the 
system s t r e s s e s , since the model used was two-dimensional, while the 
actual loop is three-dimensional and more flexible. The smaller , 5-ft-long 
overflow tube was neglected, because of its high flexibility. Throughout the 
analysis , the rectangular valve bodies and their weldable port projections 
were considered to be essentially rigid, because of their massive geometry. 

Two cases were considered for analysis. Case I co r r e 
sponds to the steady-state pretransient operational condition of the Mark-II 
loop, with the blowout line maintained at 400°F, the mechanical valve and 
lower fill line at 125°F, and the burst disk intact. This distribution of tem
pera ture in the auxiliary loop is reasonable, because of the heavy thermal 
insulation covering the entire system, and of the thermal isolation of the 
mechanical valve, lower fill line, and safety tank from the hot loop by the 
liquid-cooled freeze plug. 
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C a s e II s e r v e s a s a l imi t ing c a l c u l a t i o n , w i th the b lowout 
l ine at 900°F, and the t e m p e r a t u r e s of the r e m a i n d e r of the a u x i l i a r y loop 
unchanged . 

In both c a s e s , the h i g h e s t s t r e s s e s o c c u r a t the s e g m e n t of 
the a u x i l i a r y loop conta in ing the m e c h a n i c a l va lve in the f i l l l i n e . F o r the 
s t e a d y - s t a t e C a s e I, the m a x i m u m s t r e s s c a l c u l a t e d w a s 9,407 p s i a t the 
f i l l - l ine v a l v e , wi th a s t r e s s of 6,370 p s i a t the r e a r of the b u r s t - d i s k 
hous ing , and a s t r e s s of 3,401 p s i a t the w e l d m e n t of the fill l ine to the 
lower bend of the loop p r o p e r . None of t h e s e s t r e s s e s is c o m p a r a b l e to the 
y ie ld s t r e n g t h of the s t a i n l e s s s t e e l ; h e n c e , t h e r e would be no d i s t o r t i o n in 
the s y s t e m a s a r e s u l t of n o r m a l s t e a d y - s t a t e o p e r a t i o n of the loop a t 
t e m p e r a t u r e . 

In C a s e II, the 900°F t e m p e r a t u r e of the b lowout l ine c o r 
r e s p o n d s to the l imi t ing condi t ion to be r e a l i z e d in the event tha t an o v e r 
p r e s s u r e r u p t u r e s the b u r s t d i sk and d i s c h a r g e s the m o l t e n s o d i u m f r o m 
the loop p r o p e r into the safety t ank . The r e s u l t a n t s t r e s s e s c a l c u l a t e d 
w e r e : 33,317 ps i a t the f i l l - l i ne v a l v e , 21,563 p s i a t the b u r s t - d i s k h o u s i n g , 
and 11,510 p s i at the fill l i n e - l o o p w e l d m e n t . 

Al though t h e s e c a l c u l a t e d s t r e s s v a l u e s s e e m h igh , we 
be l ieve that they a r e a c c e p t a b l e for safe o p e r a t i o n of the M a r k - I I loop in 
e x p e r i m e n t s which migh t r e s u l t in the o v e r p r e s s u r e r u p t u r e of the c a l i 
b r a t e d b u r s t d i sk . The s t r e s s e s r e a l i z e d in the a u x i l i a r y s y s t e m a r e 
s e c o n d a r y s t r e s s e s r e s u l t i n g f r o m the t h e r m a l e x p a n s i o n of the b lowout 
l ine dur ing a t h e r m a l e x c u r s i o n , f rom 400°F to the t e m p e r a t u r e of the loop 
sod ium. Since the va lve r e l e a s i n g the s o d i u m f rom the loop into the b low
out l ine is a s i m p l e r u p t u r e d i sk , the e x c u r s i o n m u s t be c o n s i d e r e d to be a 
s i n g l e - t i m e event ; any a n a l y s i s r e l a t e d to cyc l i c o p e r a t i o n of t he b lowout 
l ine would be m e a n i n g l e s s . 

The ASME B & PV Code* for c a s e s not r e q u i r i n g a n a l y s i s 
for cycl ic o p e r a t i o n spec i f i e s that the l i m i t of s t r e s s i n t ens i t y for s e c o n d a r y 
s t r e s s e s plus bending is to be def ined a s 3S , w h e r e 

m ' 

S m 
(Sm @ 400°F) + ( S ^ @ 900°F) 

2 

19,400 + 14,000 
16,700 p s i . 

*ASME Boiler & Pressure Vessel Code, 1968 Ed., Section III "Nuclear Vessels," Article 4, Paragraphs 
N-412-i, N-412-m, N-414.4, and Figure N-414. 
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By t h i s , 

3 S ^ = 50,100 p s i . 

The USAS B3 1.1.0 P o w e r P ip ing Code* spec i f i e s that the 
a l l owab le s t r e s s , S A , for cyc l i c o p e r a t i o n m u s t not e x c e e d 

S» = f(1.25S +0 .25S , ), 

w h e r e 

S = the a l l o w a b l e s t r e s s as t a b u l a t e d at the m i n i m u m t e m p e r a t u r e 
(100°F); 

Si^ = the a l l o w a b l e s t r e s s at the m a x i m u m t e m p e r a t u r e (1000°F); 

f = s t r e s s r a n g e r e d u c t i o n fac to r for cyc l i c ope ra t i on (f = 1, for 
l e s s than 7000 full t e m p e r a t u r e c y c l e s ) . 

This y i e l d s 

S ^ = (1.25)(18,750) + (.25)(14,000) 

= 2 3 , 4 3 8 - 1 3 5 0 0 = 27,000 p s i . 

H e n c e , the s t r e s s at the b u r s t - d i s k hous ing ( a „ = 21,563 psi) is we l l below 
the l im i t i ng s t r e s s e s a l l owed for t h e r m a l - e x p a n s i o n s t r e s s e s and is far 
be low the s t r e s s l i m i t def ined by the ASME Code 

(ii) Shipping C a s k . A r e v i s e d se t of v e n d o r shop d r a w i n g s h a s 
been r e c e i v e d a t A r g o n n e and h a s been a p p r o v e d for s u b m i t t a l to the A E C , 
s u b j e c t to i n c o r p o r a t i o n of m i n o r c h a n g e s . T h e s e changes a r e being m a d e 
s i m u l t a n e o u s l y by the v e n d o r and ANL so tha t no de lay wi l l r e s u l t . The 
d e s i g n a n a l y s i s r e p o r t is c o m p l e t e , and the ANL q u a l i t y - a s s u r a n c e p lan is 
u n d e r f inal r e v i e w by the P r o c u r e m e n t S e r v i c e s Div i s ion . The a p p r o v a l 
p a c k a g e c o n s i s t i n g of the d e s i g n a n a l y s i s , v e n d o r shop d r a w i n g s , ANL 
d r a w i n g s of p a r t s f a b r i c a t e d by A N L , and the q u a l i t y - a s s u r a n c e p lan wi l l 
be f o r w a r d e d to the AEC for a p p r o v a l of c a s k p r o c u r e m e n t . 

(iii) T h e r m a l - n e u t r o n Shie ld for M a r k - I I Loop . A l / v t h e r m a l -
n e u t r o n - a b s o r b i n g s h i e l d w a s f a b r i c a t e d as an inne r l i ne r for the ou te r 
c o n t a i n m e n t can to the M a r k - I I T R E A T loop. The l ined ou te r c o n t a i n m e n t 
can w a s p r o v i d e d as i n t e r c h a n g e a b l e h a r d w a r e to be u s e d both wi th the c a l i 
b r a t i o n and f i r s t two t e s t loops for the m i x e d - o x i d e p r o t o t y p e fas t r e a c t o r 
( P F R ) pin t e s t s ( S e r i e s LI) . 

*USAS B31.1.0 Power Piping Code, 1967, Chapter II, Sections 102.3.2c and 119.6.4. 



134 

The sh ie ld was c o n s t r u c t e d by coa t ing a s u b s t r a t e , c o n 
s i s t ing of a 16 m e s h , 2 0 - m i l w i r e s c r e e n spot we lded to the 2 5 - m i l s t a i n 
l e s s s t e e l l i ne r can , with a 50-50 m i x t u r e of B^Si and P y r o m a r k pa in t . 
S e v e r a l coa t ings w e r e appl ied . After the l a s t coa t ing , the s u r f a c e w a s 
po l i shed evenly down to the g r id w i r e s (which s e r v e d both as a r e f e r e n c e 
m a r k e r and a m e c h a n i c a l r e i n f o r c e m e n t for the BjSi). The s h i e l d was then 
baked and coa ted with a p r o t e c t i v e s u r f a c e l a y e r of P y r o m a r k pa in t . 

M e a s u r e m e n t s of e p i t h e r m a l - n e u t r o n t r a n s m i s s i o n , both 
on p r e l i m i n a r y s m a l l s a m p l e s as we l l as the c o m p l e t e d sh ie ld , w e r e u s e d 
to d e t e r m i n e the "effect ive BtSi t h i c k n e s s " a t an a s s u m e d d e n s i t y of 
1.7 g /cm^ (70% t h e o r e t i c a l dens i ty ) . The s m a l l s a m p l e s had an "e f fec t ive 
BeSi t h i c k n e s s " of 22.4 m i l s , whi le the c o m p l e t e d l i n e r had an "ef fec t ive 
t h i c k n e s s " of 19 m i l s . T r a n s p o r t c a l c u l a t i o n s i n d i c a t e d tha t such a M a r k - I I 
TREAT loop l i ne r would yie ld a r a d i a l v a r i a t i o n in s a m p l e p o w e r of 
±15-20%. The r a t i o of s a m p l e c e n t e r - l i n e r to m a x i m u m T R E A T p o w e r 
dens i ty would be about 65 to 1. M e a s u r e m e n t s of t h e r m a l - n e u t r o n t r a n s 
m i s s i o n ind ica ted un i fo rm s u r f a c e coa t ings for the s a m p l e s as we l l as for 
the comple t ed sh ie ld . 

A P F R pin, with e n r i c h e d u r a n i u m s u r f a c e foi ls we lded to 
a concen t r i c s t a i n l e s s s t e e l tube in the s a m p l e h o l d e r , was p r o v i d e d for the 
c a l i b r a t i o n mockup . A n a l y s e s w e r e p e r f o r m e d to d e t e r m i n e the i n - p i l e 
t h e r m a l hea t ing of the sh ie ld unde r v a r i o u s c o n s e r v a t i v e as sunnpt ions . The 
heat ing f rom the n ,a r e a c t i o n is s m a l l in l ight of the h i g h - t e m p e r a t u r e 
s t ab i l i t i e s of the B(,Si and the P y r o m a r k b i n d e r . 

b. TREAT Opera t i ons ( j . F . Boland) 

Neu t ron r a d i o g r a p h s w e r e m a d e of a g r o u p of E B R - I I m e l t - w i r e 
a s s e m b l i e s and one E B R - I I e x p e r i m e n t a l s u b a s s e m b l y . 

The c o n t r a c t o r has a s s e m b l e d the h y d r a u l i c c o n t r o l - r o d - d r i v e 
s y s t e m on a t e s t s tand and is check ing out the s y s t e m . D e l i v e r y in J a n u a r y 
is s t i l l expec ted . 

4. M a t e r i a l s Behav io r and E n e r g y T r a n s f e r 

a. H i g h - t e m p e r a t u r e P h y s i c a l P r o p e r t i e s (M. G. Chasanov) 

L a s t Repo r t ed : A N L - 7 6 1 8 , pp. 132-133 (Sept 1969). 

(i) Tota l P r e s s u r e ove r Liquid U02, An i m p o r t a n t input p a 
r a m e t e r for e q u a t i o n - o f - s t a t e c a l c u l a t i o n s for r e a c t o r fuels is v a p o r 
p r e s s u r e of the fuel. P r e s e n t l y a v a i l a b l e da ta m u s t be e x t r a p o l a t e d ove r 
many o r d e r s of magn i tude to obta in v a p o r - p r e s s u r e v a l u e s at the t e m p e r a 
t u r e s of i n t e r e s t in r e a c t o r - s a f e t y c a l c u l a t i o n s . C o n s e q u e n t l y , a p r o g r a m 
was in i t i a ted ( see P r o g r e s s R e p o r t for June 1969, A N L - 7 5 8 1 , p . 127) to 
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measure vapor p re s su res over liquid reactor fuels by means of transpiration 
techniques, so as to reduce the extent of the extrapolation. The data to be 
obtained will allow the calculations to be made with greater confidence. 

A number of prel iminary vapor-pressure measurements 
have been made with urania by means of the transpiration technique. These 
measurements have served to evaluate such factors as inert ca r r i e r -gas 
flow ra t e s , choice of operating techniques, and hot-zone geometry, as well 
as the effect of the vaporization on sample stoichiometry. Two sets of 
measurements were made with solid urania, one at 2615°K, the other at 
2860°K. F r o m these prel iminary measurements , the total p ressures of 
uranium-bearing species obtained were 4.45 x 10"'* and 6.55 x 10"' atm, 
respectively. 

Work is presently under way to car ry out test measurements 
over liquid urania at temperatures up to approximately 3525°K. The first 
of these prel iminary measurements on the liquid, at 3175°K, gave a tentative 
value of 7.1 x 10"^ atm. 

5. Violent Boiling (R. O. Ivins) 

a. Mathematical Models of Fuel-Coolant Dynamics 
(D. R. Armstrong) 

Last Reported: ANL-7632, p. 143 (Oct 1969). 

(i) Fuel-fai lure Model (K. A. Varteress ian and J. C, Hesson) 

Not previously reported. • 

As part of the development of mathematical models for 
describing fuel-coolant interaction in accident situations, an analysis has 
been made of a hypothetical accident involving a sudden complete loss of 
coolant. This analysis is part of a broad study of accident situations in
volving the complete or part ial loss of capabilities for cooling a reac tor . 
In this analysis , a single fuel rod (unirradiated stainless steel-clad 
UO2-20% PuOj, helium bonded), cooled by sodium and operating at steady-
state power, was subjected to a loss of coolant, and the time to cladding 
failure was determined. Two operating conditions were considered: (l) fuel 
power density of 304 c a l / s e c - c m ' and sodium coolant at 400°C, and (2) power 
density of 696 c a l / s e c - c m ' and sodium coolant at 645°C. It was assumed 
that the fuel rod would continue to operate at the same power after the 
accident, and that there was no heat loss from the rod. Radial temperature 
profiles ac ross the fuel, gas gap, and cladding, in addition to gas p re s su re 
within the cladding, were calculated at various time increments after the 
loss of coolant. 
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The calculations for the first case showed that failure would 
occur -2.2 sec after loss of coolant by virtue of loss of strength of the clad
ding. The cladding temperature at failure was ~1330°C; the yield strength 
of stainless steel at that temperature is not sufficient to sustain the internal 
gas p ressu re . The fuel-centerline temperature increased from -1690 to 
~1850°C. 

In the second case, failure of the fuel rod occurred -0.36 sec 
after loss of coolant by the same mechanism as in the first case; the 
cladding temperature at the moment of failure was -1150°C. 

The calculations show the principal cause of failure to be 
elevated cladding temperatures (and concomitant loss of strength). The 
internal gas pressure at failure was not much different from the steady-
state value. 

B. Effluent Control--Environmental Studies--
Research and Development 

1. Thermal-Plume Transport in the Great Lakes (J. J . Roberts) 

Not previously reported. 

A computerized analytical procedure is being developed for predicting 
the dispersion character is t ics , temperature field, and gross behavior of 
thermal plumes produced by a lakeshore power plant. The model will be 
based on a numerical solution to the fundamental equations governing the 
conservation of mass , nnomentum, and energy. The inputs required by the 
model are fundamental quantities, such as viscosity, vert ical density p ro
files, and large-scale lake-current velocities. 

A thermal plume passes through three distinct regimes of flow. In 
the "channel" or "jet" regime, inertial forces dominate and the jet core 
persis ts for some distance do'wnstream, ^vith little mixing \vith the cooler 
water that surrounds the jet; however, the jet flow is influenced by the lake 
bottom. In the "transition" regime, the plume is bent by lake currents and 
spreads rapidly due to buoyancy of the plume and to turbulent entrainment. 
The final "diffusion" regime is dominated by the mean lake current and the 
turbulent motions caused by wind and convection. Theoretical models with 
sufficient generality are not available, so considerable study and experi
nnental calculation will be needed to develop a useful theoretical model. 

Several numerical experiments are planned with two-dimensional 
forms of the Navier-Stokes and energy-conservation equations. The first 
study will approximate the horizontal motion of the plume in the jet phase 
as it enters the lake and is bent by a cross current . Figure IV.B.l shows 
our first crude model of a thermal discharge into a crossflow current , 

file:///vith
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indicates the nomenclature employed in the mathematical description of 
flow in the plane of the discharge, and shows some of the simplified 
boundary conditions. The temperature is T, the x component of velocity is 
u, and the y component is v. A second calculation will study a vertical 
c ross section of the plume as it enters the lake, separates from the bottom, 
and r i ses to form a warm surface layer (see Fig. IV.B.2). A third study 
will concern methods of handling the diffusion regime. Although these 
prel iminary models will have simple boundary conditions, the results of 
the calculations will describe the essential features of a thermal plume, and 
should permit significant comparisons with experiments and ear l ier 
theor ies . These two-dimensional studies will provide experience needed 
to produce the required three-dimensional model with realistic topography. 

u = 0, V = v.x, T = Cl 

Fig. IV.B.l 

Schematic for the X-y Numerical 
conditions Model of the Jet and Transition 

Regimes. 

Outflow conditions 

u = Const,, w = 0, T = h2 (x) 

Fig. IV.B.2 

Schematic for thex-z 
Numerical Model of 
the Jet and Transition 
Regimes. 

Outflow 
conditions 

Code and Evaluate x-z Models. 

Coding of the two-dimensional horizontal model of the jet has 
begun. The first use of the code will be to study a laminar two-dimensional 
jet without cross flow. The numerical results will be compared with 
published laboratory experiments as well as with analytical expressions 
giving the velocity profile and spreading rate at large distances from 
the source. 
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PUBLICATIONS 

The following appeared as Abstracts in Trans. Am. Nucl. Soc. 1_2(2) 
(Nov 1969): 

On the Analyses of the Fuel Meltdown Studies with TREAT 
A. K. Agrawal 

p. 865 

Fuel-Fai lure Behavior during Transient Meltdown in the Sodium-
Filled Piston Autoclave 

J. J. Barghusen, D. R. Armstrong, J. F. Boland, R. W. Mouring, 
and J. C. Hesson 

p. 863 

Behavior of Zircaloy-Clad UO2 Fuel during Nuclear Transients in 
TREAT 

J. J. Barghusen, L. J. Harrison, K. A. Var teress ian, and R. O. Ivins 
p. 862 

Hydrodynamic Response of P r imary Reactor Containment to High-
Energy Excursions 

Y. W. Chang, J. Gvildys, and S. H. Fistedis 
p. 826 

Prel iminary Performance Data from Fast Neutron Hodoscope at 
TREAT 

A. DeVolpi, C. E. Dickerman, and J. F. Boland 
p. 868 

F i r s t TREAT Loop Experiments on Oxide Fuel Meltdown 
C. E. Dickerman, L. E. Robinson, A. K. Agrawal, and J. F. Boland 

p. 867 

Pressure Gradient in Flashing Sodium Flow 
H. K. Fauske and M. A. Grolmes 

p. 908 

Acoustic Techniques for Flo'w Reginne--and Gas Detection 
M. A. Grolmes and H. K. Fauske 

p. 832 

Superheat Expulsion in Single and Multipin Channels--Simulation of 
Blocked Subassembly Voiding 

M. A. Grolmes, H. K. Fauske, and G. A. Lambert 
p. 907 

Heat Removal and Containment Following Meltdown of an LMFBR Core 
M. A. Grolmes, J. C. Hesson, R.- O. Ivins, and J. F. Marcha te r re 

p. 864 
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The Use of Q u a s i l i n e a r i z a t i o n for the Solut ion of Non l inea r Sp ace -
Dependen t R e a c t o r E q u a t i o n s 

L. J . H a b e g g e r and C. H s u 
p. 830 

E.xper innental Study of S i m u l a t e d F i s s i o n Gas R e l e a s e in a Hea ted 
Channe l 

B. M. Hoglund, R, P . A n d e r s o n , and T. J. M a r c i n i a k 
p. 901 

Inc ip i en t Boi l ing Condi t ions in a Blocked L M F B R S u b a s s e m b l y 
R. E. Holtz and R. M. S inger 

p. 912 

H y b r i d Solu t ion of E n e r g y Equa t ions in P o r o u s F u e l 
W. W, M a r r and M. M. El Wakil* 

p. 623 

T r a n s i e n t B e h a v i o r of P r e - I r r a d i a t e d "High-Swel l ing" E B R - I I D r i v e r 
F u e l in T R E A T 

A. B. R o t h m a n , C. J. Renken , R. R. S t ewar t , G. G. Dewey, 
D. R, H u t c h i n s o n , and C, E, D i c k e r m a n 

p. 867 

F a s t R e a c t o r D i s a s s e m b l y Ca lcu la t ion Ut i l iz ing a T e m p e r a t u r e -
D e n s i t y - D e p e n d e n t Equa t ion of S ta te 

W. T. Sha and A. E. W a l t a r * * 
p. 825 

A C o m p r e s s i b l e Model for T r a n s i e n t Sodium Boil ing 
E. R. S i e g m a n n 

p. 904 

V a p o r i z a t i o n and E x p u l s i o n M e a s u r e m e n t s with S u p e r h e a t e d Sod ium 

R. M. S i n g e r , R. E. Hol tz , and H. R. Niemoth 

p. 911 

S o d i u m Bubble C o l l a p s e and P r e s s u r e G e n e r a t i o n 

T. G. Theofanous , H. S. Isbin,+ and H. K. F a u s k e 

p. 909 

*The University of Wisconsin. 
•*Baltelle Northwest Laboratory. 
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